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ALDOMET usually l0 
helps lower blood pressure and: 
e Usually does not com- 


blood pressure promise existing renal ; 


function 
. e Infrequently causes symp- 


effectively. ee tomatic postural 


hypotension 


ll @ h * Normalor elevated plasma 
usually with no lie E 


course of therapy 


e 
direct effect on e Usually is well tolerated, 
Sedation, usually tran- 
rc ° sient, may occur during 
cardiac function— a Cae ae 
therapy or whenever the 
2 = dose is increased. Head- 
> ache, asthenia, or weak- 
cardiac output ts rsa bore 
early and transient 
e e symptoms. However, 
usua y mauntaine ' significant adverse effects 
due to ALDOMET have 
been infrequent. (See 
brief summary for a com- 
plete listing of adverse 
reactions.) 

e ALDOMET is useful in all 
degrees of hypertension 
and offers dosage flexi- 
bility with three tablet 
strengths—the 
standard 250 mg, 

ALDOMET is contraindicated in active hepatic disease, hypersensitivity the convenient 500 mg, 
to the drug, and if previous methyldopa therapy has been associated and the 125 mg. 
\ with liver disorders. 


It is important to recognize that a positive Coombs test, hemolytic 
anemia, and liver disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver disorders could lead 
to potentially fatal complications unless properly recog- MSD 
nized and managed. For more details see the brief sum- Wal 
Ri of prescribing information. 





: For a brief summary of prescribing information, please see following page. 






indications: Active hepatic disease, such as 
e hepatitis and active cirrhosis; if previous 
ethyldopa therapy has been associated with liver 
rders (see Warnings); hypersensitivity. 
nings: It is important to recognize that a 
ye Coombs test, hemolytic anemia, and 
- disorders may occur with methyldopa 
apy. The rare occurrences of hemolytic 
or liver disorders could lead to poten- 
ly fatal complications unless properly recog- 
and managed. Read this section carefully 
understand these reactions. 
ith prolonged methyldopa therapy, 10% to 20% of 
develop a positive direct Coombs test, 
usually Between 6 and 12 months of therapy. Lowest 
cidence is at daily dosage of 1 g or less. This on 
re occasions may be associated with hemolytic 
emia, which could lead to potentially fatal com- 
ations. One cannot predict which patients with a 
tive direct Coombs test may develop hemolytic 
mia. Prior existence or development of a positive 
rect Coombs test is not in itself a contraindication 
) use of methyldopa. If a positive Coombs test 
elops during methyldopa therapy, determine 
ether hemolytic anemia exists and whether the 
ositive Coombs test may be a problem. For exam- 
le, in addition to a positive direct Coombs test 
e is less often a positive indirect Coombs test 
hich may interfere with cross matching of blood. 
the start of methyldopa therapy, it is desirable to 
do a blood count (hematocrit, hemoglobin, or red 
ell count) for a baseline or to establish whether 
ere is anemia. Periodic blood counts should be 
done during therapy to detect hemolytic anemia. It 
ay be useful to do a direct Coombs test before 
therapy and at 6 and 12 months @fter the start of 
\erapy. If Coombs-positive hemolytic anemia oc- 
rs, the cause may be methyldopa and the drug 
ould be discontinued. Usually the anemia remits 
promptly. If not, corticosteroids may be given and 
other causes of anemia should be considered. If the 
hemolytic anemia is related to methyldopa, the drug 
"should not be reinstituted. When methyldopa causes 


the red cell is usually coated with gamma globulin of 

the IgG (gamma G) class only. The positive Coombs 
i may not revert to normal until weeks to months 
~ after methyldopa is stopped. 

‘Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
_ direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
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cross matching. If the indirect Coombs test is also 

positive, problems may arise in the major cross 

match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
ometimes with eosinophilia or abnormalities in liver 
unction tests, such as serum alkaline phosphatase, 

serum transaminases (SGOT, SGPT), bilirubin, ceph- 

alin cholesterol flocculation, prothrombin time, and 
bromsulphalein retention. Jaundice, with or without 
fever, may occur, with onset usually in the first 2 to 

3 months of therapy. In some patients the findings 

are consistent with those of cholestasis. Rarely fatal 

hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should be 
done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If 
fever and abnormalities in liver function tests or 
jaundice appear, stop therapy°with methyldopa. If 
caused by methyldopa, the temperature and abnor- 
malities in liver fusefion characteristically have 
reverted to normal when the drug was discontinued. 

Methyldopa should not be reinstituted in such pa- 

tients. 

Rarely, a reversible reduction of the white blood cell 

count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. 

Patients should be followed carefully to detect side 
reactions or unusual manifestations of drug idio- 
syncrasy. 

eUse in Pregnancy: Use of any drug in women who 
are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 

Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with 
measurement of uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromocytoma is subjected to surgery. Methyldopa 
is not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 
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Stop drug if involuntary choreoathetotic moveme! 
occur in patients with severe bilateral cerebrovas« 
lar disease. Patients may require reduced doses 
anesthetics; hypotension occurring during an. 
thesia usually can be controlled with vasopressor 
Hypertension has recurred after dialysis in patien 
on methyldopa because the drug is removed by th 
procedure. 

Adverse Reactions: Central nervous syste) 
Sedation, headache, asthenia or weakness, usua 
early and transient; dizziness, lightheadednes 
symptoms of cerebrovascular insufficienc 
paresthesias, parkinsonism, Bell's palsy, decreas 
mental acuity, involuntary choreoathetotic mov 
ments; psychic disturbances, including nightmar 
and reversible mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of angi 
pectoris. Orthostatic hypotension (decrease da 
dosage). Edema (and weight gain) usually reliev 
by use of a diuretic. (Discontinue methyldopa 
edema progresses or signs of heart failure appea 
Gastrointestinal: Nausea, vomiting, distention, ct 
stipation, flatus, diarrhea, mild dryness of mouth, sc 
or “black” tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundic 
liver disorders. 

Hematologic: Positive Coombs test, hemoly 
anemia. Leukopenia, granulocytopenia, thror 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlar; 
ment, gynecomastia, lactation, impotence, decreas 
libido, dermatologic reactions including eczema a 
lichenoid eruptions, mild arthralgia, myalgia. 

Note: Initial adult dosage should be limited 
500 mg daily when given with antihypertensiv 
other than thiazides. Tolerance may occur, usua 
between second and third month of therapy; 
creased dosage or adding a thiazide frequen 
restores effective control. Patients with impair 
renal function may respond to smaller doses. Sy 
cope in older patients may be related to increas 
sensitivity and advanced arteriosclerotic vascu 
disease; this may be avoided by lower doses. 
How Supplied: Tablets, containing 125 
methyldopa each, in bottles of 100; Tablets, conta 
ing 250mg methyldopa each, in single-ui 
packages of 100 and bottles of 100 and 10C 
Tablets, containing 500mg methyldopa each, 
single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your M. 
representative or see full prescribing inform 
tion. Merck Sharp & Dohme, Division of Merck 
Co., Inc., West Point, Pa. 19486 
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Better 
atient compliance 


because there are 


fewer doses to take. 


Quinaglute maintains normal sinus rhythm 
with a convenient 8 or 12 hour dosage schedule. 


The convénient dosage schedule of 1 to 2 tablets every 8 or 12 
hours cap mean improved compliance in patients who tend to 
forget ar skip medication requiring more frequent administration. 

addition, QUINAGLUTE® Dura-Tabs® provide the following 
advantages: 


e Special wax matrix permits gradual release of quinidine glu- 
conate to maintain quinidine plasma levels for 8 to 12 hours 


e Convenient 8 or12 hour dosage schedule helps avoid middle- 
of-the-night dosage and early morning reversion 


e Prolonged control’ without peaks and valleys in plasma levels 


e Well-tolerated, with few gastrointestinal disturbances to inter- 
fere with patient cooperation and compliance 


Since most pharmacies have established patient drug profiles as a 
service to the community, you might advise your cardiac patients to 
use one pharmacy for all their prescription needs. This will help 
assure that the total therapeutic regimen is being carried out. Should 
any questions, untoward reactions or other problems develop, each 
person in the “‘physician-pharmacist-patient” alliance will be aware of 
it. Please forward your compliance tip to Cooper Laboratories, 300 
Fairfield Road, Wayne, New Jersey 07470, Att: Mr. W.F Cronin. 


Patients with cardiac arrhythmias remember 





Indications: 

Premature atrial and ventricular contractions. Paroxysmal 
atrial tachycardia. Paroxysmal A-V junctional rhythm. Atrial 
flutter. Paroxysmal atrial fibrillation. Established atrial 
fibrillation when therapy is appropriate. Paroxysmal ven- 
tricular tachycardia when not associated with complete 
heart block. Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 

NOTE:*Depending upon the response desired, the dosage 
may need to be varied and the blood level and/or electro- 
cardiographic response closely monitored during initial 
treatment. 


Contraindications: Aberrant impulses and abnormal 
rhythms due to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intraventricular 
conduction defects, especially those exhibiting a marked 
grade of QRS widening. Renal disease resulting in signifi- 
cant azotemia, or those developing cardiotoxic effects 
such as conduction defects; ventricular premature beats, 
ventricular tachycardia or flutter while on the drug. Marked 
cardiac enlargement, particularly with congestive failure, 
poor renal function, and especially renal tubular acidosis. 
Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive reduction 
in the degree of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 


Precautions: The precautions to be observed include ¢ 
those applicable to quinidine. A preliminary test dose 

a single tablet of quinidine sulfate should be administe! > 
to determine if the patient has an idiosyncrasy to quinid 
Hypersensitivity to quinidine, although rare, should / 
stantly be considered, especially during the first weel 
therapy. 

Quinidine in large doses may reduce the contra/ ` 
force of the heart; therefore, extreme caution shoula 
exercised in using the drug in patients with severe h 
disease, hypotension or digitalis intoxication. 

It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, 
electrocardiographic monitoring, and possibly plasma 
quinidine levels, is indicated when large doses are used, A 
or with patients who present an increased risk. 


Adverse Reactions: Cinchonism, tinnitus, decreased audi- 
tory acuity, vertigo, headache, blurred vision, color percep- 
tion disturbances, photophobia, diplopia, night bljndness, 
scotomata, reduced visual fields, mydriasis, hypatasion, 
respiratory distress, and gastrointestinal disturbances 
101-48R 


CGOPCRatoratores, Inc., Wayne, N.J. 07470 Y 
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hypertension control with 


comfortable compliance... 


The agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectivenéss, (2) patient comfort, and 

(3) compliance. 


Zaroxolyn offers all three. 


Effectiveness: In several long-term studies?" 
Zaroxolyn brought moderately elevated blood 

` pressure (average 167/113 mm Hg) down to the 
range of normotension—and held it there for up 
to four years. 


EF 


Long-acting 






metolazone)Pennwalt 


2'2 mg, 5 mg and 10 mg tablets _ - 
once-daily antihypertensive diuretic i 
; 


x si 
Recommended initial dosage in mild to moderate essential hypertension-2/2 to 5 mg once daily _ 


Before prescribing, see complete prescribing 
information in the package insert, or in PDR, or 
available from your Pennwalt representative. The 
following is a brief summary. Indications: 


against possible hazards to the fetus. Zaroxolyn 
appears in the breast milk. Not for pediatric use. 
Precautions: Perform periodic examination of 

serum electrolytes, BUN, uric acid, and glucose. 





Comfort-in-use: One investigator noted; 
cooperation was surprisingly good for a 
of such duration. The once-daily schedule 
metolazone (Zaroxolyn) no doubt contributed to 
patient compliance” 28 


Overall compliance with Zaroxolyn is good— jA 
very good. An analysis of controlled clinical 

studies involving 188 Zaroxolyn patients showed ie 
that only eight discontinued therapy because of ss 
side effects. That’s a discontinuation rate of only 333m 
4.3%, and broader clinical experience appeays IE 


to substantiate this low rate.? \ f- 








lycemia, glycosuria, raised BUN or creatinine, 
atigue, muscle cramps or spasm; weakness, i 
restlessness, chills, and acute gouty attacks. Eel 


Zaroxolyn (metolazone) is an antihypertensive 
diuretic indicated for the management of mild to 
moderate essential hypertension as sole thera- 
peutic agent and in the more severe forms of 
' trpertension in conjunction with other anti- 
« Bypertensive agents. Also, edema associated with 
' heart failure and renal disease. Contraindications: 


Anuria, hepatic coma or precoma; allergy or hyper- 


) sensitivity to Zaroxolyn. Or, as a routine in other- 

a Wise healthy pregnant women. Warnings: In 

* theory cross-allergy may occur in patients 
allergic to sulfonamide-derived drugs, thiazides 

) or quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients; 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted or 
precipitated. Considerable potentiation may 
occur when given concurrently with furosemide. 
unde concurrently with other antihyper- 
tensis€s, the dosage of the other agents should 
be reduced. Use with potassium-sparing diuretics 
may cause potassium retention and hyper- 4 

alemia. Administration to women of childbearing 

*age requires that potential benefits be weighed 

oe . 


& 


Observe patients for signs of fluid or electrolyte 
imbalance. These determinations are particularly 
important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are admin- 
istered. Patients treated with diuretics or corti- 
costeroids are susceptible to potassium deple- 
tion. Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia or 
those with severely impaired renal function. 
Hyperglycemia and glycosuria may occur in 
latent diabetes. Chloride deficit and hypo- 
chloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia 
may occur in edematous patients in hot weather. 
Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric 
distress, intrahepatic cholestatic jaundice, 
hepatitis, syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 
volume depletion, hemoconcentration, venous 
thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyper- 


Usual Initial Once-Daily Dosages: mild to 
moderate essential hypertension—2% to 5 mg; 
edema of cardiac failure—5 to 10 mg; edema of 
renal disease—5 to 20 mg. Dosage adjustment 
may be necessary during the course of therapy. 
How Supplied: Tablets, 2%, 5 and 10 mg. 
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1. Dornfeld L, Kane R: Metolazone in essential 
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tion of metolazone in the treatment of essential 
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ergoing Coronary Arteriography 


JOHN S. SCHROEDER, JAMES L. BOLEN, ROBERT A. QUINT, DAVID A. CLARK, 
WILLIAM G. HAYDEN, CHARLES B. HIGGINS and LEWIS WEXLER 


The cautious intravenous administration of sequential doses of 0.05, 0.1 and 0.25 mg of ergonovine maleate dur- 
ing coronary arteriography proved safe to elicit coronary arterial spasm in patients suspected of having Prinzme- 
tal’s angina or angina at rest due to coronary arterial spasm. This provocative test induced coronary spasm at 
an area of fixed irregularity or minimal atherosclerotic narrowing in 13 of 57 patients undergoing coronary arteri- A 
ography. Sublingually or intravenously administered nitroglycerin easily reversed the spasm. Ten of these 13 x 
sybjects had definite Prinzmetal's angina. About 12 percent showed a 10 to 15 mm increase in aortic pressure 
d one third complained of transient mild nausea after administration of the drug. The study confirms the occur- 
Pree of coronary spasm in patients with normal or minimally occlusive lesious of the coronary arteries. 


Significance of Exercise-Induced Junctional S-T Depression in Evaluation of Coronary Artery Disease 
AKIRA KURITA, BERNARD R. CHAITMAN and MARTIAL G.* BOURASSA 


Using as a normal response to severe treadmill exercis€a junctional depression up to 1.4 mm with an upsloping 
S-T segment, this survey of 230 subjects with suspected coronary artery disease elicited 10 false negative exer- 
cise responses in 75 subjects whose angiograms showed coronary stenosis of 50 percent or more; 7 of these 
responses were in patients with coronary stenosis of 75 percent or more. Multivessel disease, rare in this group, 
was observed more commonly in the patients with J point depression of 1.5 mm or more. Junctional depression 
greater than 2 mm was associated with the same incidence of coronary disease when the S-T segment is slowly 
ascending (upstroke pattern) as when it is horizontal. Exercise-induced junctional depression less than 1.5mm 
is rarely associated with multivessel disease but does not rule out significant stenosis of the proximal left anteri- 
or descending coronary artery. A junctional depression of 1.5 mm or more should be interpreted as equivocal, 
whereas one greater than 2 mm with an upsloping S-T segment depressed 2 mm from the baseline 0.08 second 
after the J point is asgociated with a significant incidence of coronary artery disease and constitutes a positive 
criterion for exercise testing. 


Symptomatic Myocardial Infarction Without Chest Pain: Prevalence and Clinical Course 
BARRY F. URETSKY, DONALD S. FARQUHAR, ANDREW F. BEREZIN and WILLIAM B. HOOD, Jr. 


About 11 percent of the 102 patients with acute myocardial infarction admitted to the Boston City Hospital from ` 
July 1, 1973 to June 30, 1974 experienced symptomatic myocardial infarction without chest pain. These pa- 

i tients had less angina, smoked less and were 10 years older than those with chest pain. The most striking in-hos- 

E ` pital difference between groups was the almost threefold greater mortality in the patient without pain (50 versus da 
2 as 18 percent), presumably related to the greater prevalence of cardiogenic shock, myocardial rupture, cardiac ar- 

i rhythmias and more advanced age of this group. Because a correct diagnosis is more difficult in these patients 

E and they experience greater delays in diagnosis and monitoring, more widespread appreciation of this atypical 

a k disorder by paramedical personnel, nurses and physicians may help reduce the morbidity and mortality of myo- 

fey. cardial infarction in hospitals. ASEA 
i Continued on page A12 
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FROM THE PEOPLE 

WHO BROUGHT YOU $: 
THE k 
CATH LAB 
RECORDER... 


„THE 





be 


CATH LAB COMPUTER 


Electronics for Medicine has applied 
the same physician/procedure 
orientation you found in the original 
E for M DR SIMULTRACE Recorder, 


tothe computerization of cath lab data. 


E for M’s Computer-Aided Cardiac 
Laboratory Data System begins with 
the advanced electronic circuitry of 
our new VR-12 Recorder — with its 
5,000 Hz per channel frequency 
response ... ease of interface with the 
computer ... compact size... 
compliance with hospital safety 
codes ... and unsurpassed recording 
quality. Next, there’s the versatility 
of a general purpose computer for 
innovative research, while providing 


[tel 


simple, procedure oriented controls" 
to carry out the calculations for all 
standard procedures. Best of all, 
when a procedure is finished, so is the 
report — including results in-lab 
from E for M’s exclusive, real-time 
ventriculogram acquisition and 
analysis program. 


If you are thinking about equipping 
your cath lab, it will pay you to talk 
with us. We can apply to your 
particular needs the experience 
gained from a number of successful 
installations. Call your local E for M 
representative, or our Computer 
Group in Sudbury, Massachusetts, 
617-891-6566. 


ELECTRONICS FOR MEDICINE, INC. 


PLEASANTVILLE, NEW YORK 10570 
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As step-1 therapy 


Diuretics reduce blood pressure by blocking sodium retention to lower 
“effective” volume. But, the body's renal compensatory mechanisms are 
mobilized to promote sodium conservation, expand “effective” volume 
and reelevate blood pressure. Sustained control of “effective” volume is 
therefore essential to treatment. Hygroton blocks sodium retention longer 
than any other diuretic available. 


As baseline diuretic in step-2 therapy 


Reduced blood pressure resulting from the use of step-2 agents (reser- 
pine, methyldopa, propranolol) may cause compensatory sodium reten- 
tion, secondary volume expansion and, eventually, reelevation of blood 
pressure. For this reason, the National Task Force? recommends the use 
of diuretics as baseline agents with step-2 therapy. Hygroton is an “ideal” 
choice because of its sustained blockade of sodium retention, dosage 
simplicity and enhanced patient compliance. 


Hygroton 50 mg. 


(chiorthalidone USP) - 
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- Blocks sodium retention longer “ 


Provides smooth,sustained control 


BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema. 


Contraindications: Anuria, hypersensitivity to chlorthalidone or other 
sulfonamide-derived drugs. 


Warnings: Should be used with caution in severe renal disease, impaired 
hepatic function or progressive liver disease. May add to or potentiate the 
action of other antihypertensive drugs. Sensitivity reactions may occur in 
patients with a history of allergy or bronchial asthma. Thiazides cross the 
placental barrier and appear in cord blood. Use in pregnant women requires 
that the anticipated benefits of the drug be weighed against possible hazards 
to the fetus. These hazards include fetal or neonatal jaundice, 
thrombocytopenia, and possibly other adverse reactions which have occurred 
in the adult, In nursing mothers, thiazides cross the placental barrier and 
appear in breast milk. If use of the drug is essential, the patient should stop 
nursing. 

Precautions: Periodic determination of serum electrolytes to detect possible 
electrolyte imbalance should be performed at appropriate intervals. AIl 
patients receiving chlorthalidone should be observed for clinical signs of fluid 
or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte determinations are particularly 
important when the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to hypokalemia. Digitalis 
therapy may exaggerate metabolic effects of hypokalemia especially with 
reference to myocardial acy Any chloride deficit is generally mild and 
usually does not require specific treatment except under extraordinary 
circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or 
gout be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent diabetes 
mgilitus may become manifest. Chlorthalidone and related drugs may 
increase the responsiveness to tubocurarine. The antihypertensive effects of 


the drug may be enhanced in the postsympathectoiny patient. Chlorthalidone 
and related drugs may decrease arterial responsiveness to norepinephrine. If 
progressive renal impairment becomes evident, as indicated by a rising 
nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic 
therapy. Chlorthalidone and related drugs may decrease serum PBI levels 
without signs of thyroid disturbance. 


Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, cramping, 
diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizzines®, vertigo, paresthesias, headache, xanthopsia; 
leukopenia, agranulocytosis, thrombocytopenia, aplastic anemia; purpura, 
photosensitivity, rash, urticaria, necrotizin€pangiitis (vasculitis) (cutaneous 
vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic 
hypotension may occur and may be aggravated by alcohol, barbiturates or 
narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. 
Whenever adverse reactions are moderate or severe, chlorthalidone dosage 
should be reduced or therapy withdrawn. 

Usual Dose: One tablet daily. 


How Supplied: Tablets— 100 mg. (white, scored) and 50 mg. (aqua) in bottles 
of 100 and 1000; PAKs of 28 tablets, boxes of 6. 


References: 

1. Laragh, J.H. et al.: Vasoconstriction - volume analysis for understanding 
and treating hypertension: The use of renin and aldosterone profiles, in 
Hypertension Manual (Laragh, J.H., ed.), New York, Dun-Donnelley, 1974, 

pp. 824-825. 2. Report of the Joint National Committee on Detection, Evaluation, 
and Treatment of High Blood Pressure: A Cooperative Study, JAMA 237:255, 
January 17, 1977 
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-504 ` iois bf itang FGE Blood Pressure a Diin Nitroglycerin Administration for Reducing 


ischemjc Injury in Patients With Coronary Disease 


ICHARD R. MILLER, NAJAM A. AWAN, ANTHONY N. DeMARIA, EZRA A. AMSTERDAM and 
E N T. MASON 


TKeʻiħtravenous administration of phenylephrine to raise mean arterial pressure in patients with multivessel cor- 

_ onary artery disease after sublingual administration of nitroglycerin improved myocardial energetics without 
changing left ventricular function and coronary vascular resistance from control levels. The phenylephrine-in- 
duced increase in coronary flow was not caused by augmented cardiac oxygen demands because myocardial 
oxygen extraction decreased while coronary sinus flow increased. Thus, preservation of systemic pressure con- 
comitant with nitroglycerin enhances myocardial perfusion. Although no patients with acute ischemic injury 
were studied, the investigators believe their demonstration of enhanced left coronary arterial blood flow together 
with A seven favorable effects on myocardial energetics permits cautious extension of their results to pa- 
tient#with active myocardial ischemia. 












_ Influey e of Etiology of Atrial Fibrillation on Incidence of Systemic Embolism 


RICHARD C. HINTON, J. PHILIP KISTLER, JOHN T. FALLON, ALLAN L. FRIEDLICH and 
C. MILLER FISHER 


This study of embolic occurrences in 333 autopsy patients with atrial fibrillation revealed an incidence rate of ` 
41 percent in those with mitral valve disease, 35 percent in those with ischemic heart disease, 35 percent in 
those with coexisting mitral and ischemic heart disease and 17 percent in those with ‘‘other”’ types of heart dis- 
ease. The patients with ischemic heart disease, atrial fibrillation and embolism were mainly over 70 years of 
age. These results, indicating a high risk of embolism from atrial fibrillation of any origin, but particularly isch- 
emic heart disease and mitral valve disease, calls for a trial of anticoagulant therapy to assess the relation, risks 
and benefits in patients with atrial fibrillation due to ischemic heart disease. The effectiveness of anticoagulant 
Vins in preventing emboli due to atrial fibrillation associated with mitral valve disease has already been well 
locumented. 


Atrial Fibrillation in the Preexcitation Syndrome 


RONALD W. F. CAMPBELL, RUTH ANN SMITH, JOHN J. GALLAGHER, EDWARD L. C. PRITCHETT 
and ANDREW G. WALLACE 
Twenty-two percent of 100 patients with Wolff-Parkinson-White syndrome had a documented episode of atrial 
fibrillation before admission to Duke University Medical Center. During study with multiple intracardiac catheters 
in the hospital, 6 percent experienced atrial fibrillation. In most patients an earlier than expected atrial deflection 
occurred in an atrial recording and was followed by atrial flutter or atrial fibrillation; in a few patients, intraatrial 
conduction delay (2:1 block or Wenckebach block from the right to the left atrium or vice versa) occurred before 
_the onset of atrial fibrillation. This study shows that in some patients the accessory pathway may support a recip- 
rocal tachycardia in the initiation of atrial fibrillation. Atrial fibrillation occurring with right ventricular pacing 
showed the utilization of retrograde conduction to the atrium over both the atrioventricular node and the acces- 
sory pathway. Removal of the Kent bundle in patients with the Wolff-Parkinson-White syndrome as illustrated by 
four of six subjects in this series mfay decrease the risk of atrial fibrillation, although these patients remain 
subject to other extraneous factors known to cause atrial fibrillation, including cardiac surgery itself. 


= Supraventricular Tachycardia in Lown-Ganong-Levine Syndrome: Atrionodal Versus Intranodal 
Reentry 


MARK E. JOSEPHSON and JOHN A. KASTOR 


These electrophysiologic data suggest that preferentially rapidly conducting atrioventricular (A-V) nodal fibers 
and intranodal reentry constitute the responsible mechanisms in the six patients with the Lown-Ganong-Levine 
syndrome and reciprocating paroxysmal supraventricular tachycardia. The functional presence of an A-V nodal 
bypass tract in these patients has yet to be established. These cases therefore are really variants of those with 
a normal P-R interval and supraventricular tachycardia due to intranodal reentry. Patients with a short P-R inter- 
val have a greater incidence of supraventricular tachycardia than those with a normal P-R interval because the 
great disparity between the ‘“‘fast’’ and “slow” intranodal pathways in this syndrome provides a more optimal 
substrate for reentry. 


Continued on page A14 





..-during the postprandial period 


SUMMARY OF PRESCRIBING INFORMATION 


*[ indication: Based on a review of this drug by The National Academy 
| of Sciences—National Research Council and/or other information. 
| FDA has classified the indications as follows: 
“Probably” effective: The chewable dosage form of SORBITRATE 
| is indicated for the treatment of acute anginal attacks and for prophy 
| laxis in situations likely to provoke such attacks. 
| Final classifications of the less-than-effective indications requires 
_ (further investigation. ; 
Contraindications: A history of sensitivity to the drug. 
Wamings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may be severe and persistent. Low- 
ering the dose and using analgesics will help control the headaches which 
usually diminish or disappear as therapy is continued. 
Adversereactionsseen occasionally: Cutaneous vasodilation with flush- 
ing; transient dizziness and weakness as well as other signs of cerebral 
ischemia associated with postural hypotension; individual marked sensi- 
tivity to the hypotensive effects of nitrates wherein severe responses can 
occur even with the usual therapeutic dose (alcohol may enhance this 
effect); drug rash and/or exfoliative dermatitis. 
Thisdrugcanactas a physiological antagonist to norepinephrine, acetyl- 
choline, histamine and other agents. 
Dosage and Administration: /ndividual Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with chewable doses as low 
as 5 mg.. the smallest effective dose should be employed. Chewable tab- 
lete are generally given in doses of 5 mg. 
Dosage Schedule: Smallest effective dose necessary for the prevention 
» and treatment of pain of an angina attack. CHEWABLE SORBITRATE 


(isosorbide dinitrate) may be taken for prompt relief of angina pain three o 
four times daily. Although the onset and duration of effect of corona 
nitrates may vary, following is the generally reported range of these value 
for CHEWABLE SORBITRATE ; 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


CHEWABLE 
SORBITRATE. smo. 


(ISOSORBIDE DINITRATE) 


UP TO 2 HOURS OF 
ANGINA PROTECTION. 
AT MEALTIME...AND ANY 
OTHER TIME OF STRESS. 


X STUART PHARMACEUTICALS | Wilmington, DE 19897 
Division of ICI United States Inc. 








: z 3 : 
528 Echocardfographic Study of Cardiac Dimensions and Function in the Endurance-Trained Athlete 


CHARLES A. GILBERT, DONALD O. NUTTER, JOEL M. FELNER, JOHN V. PERKINS, 
STEVEN B. HEYMSFIELD and ROBERT C. SCHLANT 


- thocaidiographic and radiographic evaluation of adaptive cardiac responses to isotonic training in 20 endur- 
A ‘ance runners showed a modest degree of right and left ventricular enlargement and left ventricular hypertrophy, 
"a slower heart rate possibly associated with more efficient pumping function (increasing stroke volume) and little 
$ change in resting ejection phase indexes of left ventricular function. The maximal working (aerobic) capacity and 


cardiac output at maximal exercise were considerably greater in trained athletes than in untrained sedentary 
male control subjects. The comparable levels of resting left ventricular function in the athletes and control 
subjects suggest that the mildly dilated hypertrophied heart of the trained athlete beats at a slower rate with a 
contractile performance that is adjusted to maintain resting cardiac output at values comparable with the resting 


x circukatjon in sedentary control subjects. 

3 534 Cardjac Size and Performance During Pregnancy Estimated With Echocardiography 

Be Dok SHIRLEY RUBLER, PRABODHKUMAR M. DAMANI and EDWARD R. PINTO 

h N =e 4 

p. Echocardiographic studies in 55 normal pregnant and nonpregnant women show that cardiac output increases 

E early in pregnancy because of an increase in stroke volume and heart rate. Enhanced myocardial contractility 

ie possibly due to the inotropic effect of estrogens may contribute to this increase. Near the end of gestation the 

be: cardiac output remains increased in the patient in the left lateral position, although it is smaller than during the 

ome earlier stages of gestation, and in supine patients decreases toward the levels of nonpregnant women because 

Be of a diminution in venous return induced by the enlarged uterus. The velocity of circumferential shortening and 

By <3 posterior wall slope increased significantly in all pregnant women, possibly reflecting the changes in hormonal 

a 3 status. The stability of the blood pressure despite an increased cardiac output was consistent with a decreased 

exe resistance. 

Er dts, 

a ad 
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Brae ~> EXPERIMENTAL STUDIES 

+ . 

E = 541 Effect of the Kallikrein Inhibitor Aprotinin on Myocardial Ischemic Injury After Coronary Occlusion in 

a the Dog x 

p: PABLO E. DIAZ, MICHAEL C. FISHBEIN, MICHAEL A. DAVIS, JOSEPH ASKENAZI and 

: PETER R. MAROKO 

£ In this study aprotinin, a polypeptide obtained from bovine lungs, reduced the extent of myocardial damage re- 

Fe sulting frorh acute coronary occlusion in dogs, as determined by reduced electrocardiographic signs of acute 

En ischemic injury, reduced enzymatic damage, less Q wave development and less histologic damage. It also in- 

E creased collateral blood flow, presumably by reducing capillary permeability and subsequent edema in the in- 

Dh farcted area. One explanation for the action of aprotinin may be its direct inhibition of lysosomal hydrolytic activi- 
Ee: j ty, originated either from the myocardial cell or at a later stage by the neutrophils that invade the necrotic area, 
“ig because these enzymes may contribute directly to myocardial cell damage. 

a 


Chemotactic Activity in the Coronary Sinus After Experimental Myocardial Infarction: Effects of 
Pharmacologic Interventions on Ischemic Injury 


JOSEPH R. HARTMANN, JOHN A. ROBINSON and ROLF M. GUNNAR 


Pharmacologic intervention acting on different phases of the inflammatory sequence can reduce the appear- 
ance of chemotactic factors in the coronary sinus after myocardial infarction and provide significant protection 
against ischemic injury in dogs. Cobra venom factor, hydrocortisone and Trasylol markedly decreased chemo- 
tactic activity in the coronary sinus of dogs after ligation of a coronary artery and produced a protective effect 
on ischemic myocardial injury. Myocardial biopsy specimens from ischemic areas showed little inflammatory 
i response in dogs treated with cobra venom factor and moderate neutrophil infiltration and minimal tissue exud- 
ate in those treated with Trasylol or hydrocortisone. The antigenicity of cobra venom and its ablation of an ade- 
quate inflammatory response to infection negates any potential use in human myocardial infarction, but the use 
of the other agents that mediate tissue necrosis may provide insight for rational therapeutic attempts to inhibit 
the inflammatory response in myocardial infarction. 


3 Continued on page A19 
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ff y ; ye Indications: Oral potassium therapy for the prevention and treatment of 


hypokalemia which may occur secondary to diuretic or corticosteroid 
administration. May be used in the treatment of cardiac arrhythmias due 
to digitalis intoxication. 
Contraindications: Severe renal impairment with oliguria or azotemia, 
untreated Addison’s disease, adynamia episodica hereditaria, acute 
dehydration, heat cramps and hyperkalemia from any cause. X 
Precautions: Potassium intoxication by oral administration 
4 





rarely occurs in patients with normal kidney functiqn, however, 
potassium supplements must be administered caution, 
since the amount of the deficiency or daily doMage is not 
accurately known. Frequent checks of the clini tus of 
the patient, and periodic ECG and/or serum potassi A 
levels should be made. High serum concentrations of 
potassium ion may cause death through cardiac — 
depression, arrhythmias or arrest. This drug should ` 
be used with caution in the presence of cardiac 
disease. | 
In hypokalemic states, especially in pa- | 
tients on a low-salt diet, hypochloremic 
alkalosis is a possibility that may require 
chlorides as well as potassium 
supplementation. 
Adverse Reactions: Nausea, vomiting, 
diarrhea, and abdominal discomfort 
have been reported. The most se- | 
vere adverse effect is hyper- 
kalemia. : 
Overdosage: Potassium intoxica- 
tion may result from overdosage — 
© of potassium or from therapeutic _ 
dosage in conditions stated under R 
“Contraindications”. Hyperkale- a 
mia, when detected, must be 
treated immediately because le- i 
thal levels can be reached in a few. 
hours. 
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HE SHOULD FEEL -OD DURING 
THERAPY Fu HYPERTENS 


Trademark F 


Each capsule contains 50 mg. of Dyrenium®” (brand of triamterene) iy 
and 25 mg. of hydrochlorothiazide. sa 


TRIAMTERENE LIMITS POTASSIUM LOSS AS K 
HYDROCHLOROTHIAZIDE LOWERS BLOOD PRESSURE 


It’s difficult to make the asymptomatic patient feel better, but easy to make him feel worse. 
Potassium loss, a natural consequence of conventional diuretic/saliuretic activity, produces 
symptoms such as fatigue, malaise, and muscle cramps. Potassium-sparing triamterene in 
‘Dyazide’ limits excessive potassium loss. Hypokalemia is seldom a problem with patients 
maintained on ‘Dyazide’. 


Convenient, economical for long-term control 


One or two capsules, once or twice daily for maintenance according to the response of the \ 
patient. Tedious, expensive K+ rich diets or potassium salts should not be used unless 
hypokalemia develops or dietary K+ intaké is markedly impaired. Q ous 


Serum K* and BUN should be checked periodically 

particularly in the elderly, diabetics, and those with suspected or confirmed renal insufficiency. 

Elevated serum potassium levels can occur because of the Kt-sparing effect of triamterene, 

but they are rare in patients with normal renal function. If hyperkalemia develops, substitute 

a thiazide alone. Routine use of diuretics in healthy pregnant women is inappropriate. SISQF CO. 

*Not for initial therapy (see box warning). See next page for indications and brief summary a Smıithiklne company 
of prescribing information. ; 
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Trademark . 


“MAKE 
SENSE 


Each capsule contains 50mg. of Dyrenium® (brand of triamterene) 


and 25 mg. of hydrochlorothiazide. 


TRIAMTERENE LIMITS 
POTASSIUM LOSS AS 


HYDROCHLOROTHIAZIDE LOWERS 


BLOOD PRESSURE. 


SKSSF CO. 


y 


a Smithkline company 
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Before prescribing, see complete prescribing 
information in SK&F Co. literature or PDR. A 
brief summary follows: 


WARNING’ 
This drug is not indicated for initial therapy of 
edema or hypertension. Edema or hypertension 
requires therapy titrated to the individual. If 
this combination represents the dosage so 
determined, its use may be more convenient 

in patient management. Treatment of hyper- 
tension and edema is not static, but must be 
reevaluated as conditions in each patient 
warrant, 




















* Indications: When the combination represents the 
dosage determined by titration: Adjunctive therapy 
in edema associated with congestive heart failure, 
hepatic cirrhosis, the nephrotic syndrome. Cortico- 
steroid and estrogen-induced edema, idiopathic 
edema; hypertension, when the potassium sparing 
action of triamterene is warranted. (See Box Warn- 
ing.) Routine use of diuretics in healthy pregnant 
women is inappropriate; they are indicated in 
pregnancy only when edema is due to pathological 
causes. 

Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction, hyperkalemia. 
Pre-existing elevated serum potassium. Hypersen- 
sitivity to either component or other sulfonamide- 
derived drugs. 


Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly 
impaired. If supplementary potassium is needed, 
potassium tablets should not be used. Hyper- 
kalemia can occur, and has been associated with 
cardiac irregularities. It is more likely in the 
severely ill, with urine volume less than one 
liter/day, the elderly and diabetics with suspected 
or confirmed renal insufficiency. Periodically, 
serum Kt levels should be determined. If hyper- 
kalemia develops, substitute a thiazide alone, 
restrict K+ intake. Associated widened QRS com- 
plex or arrhythmia requires prompt additional 
therapy. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnancy requires 
weighing anticipated benefits against possible 
hazards, including fetal or neonatal jaundice, 
thrombocytopenia, other adverse reactions seen 
if adults. Thiazides appear and triamterene may 
appear in breast milk. If their use is essential, the 
patient should stop nursing. Adequate information 
on use in children is not available. 


Precautions: Do periodic serum electrolyte determi- 
nations (particularly important in patients vomiting 
excessively or receiving parenteral fluids). Periodic 
BUN and serum creatinine determinations should 
be made, especially in the elderly, diabetics or 
those with suspected or confirmed renal insuf- 
ficiency. Watch for signs of impending coma in 
severe liver disease. if spironolactone is used 
concomitantly, determine serum K+ frequently; 
both can cause K+ retention and elevated serum 
K+. Two deaths have been reported with such 
concomitant therapy (in one, recommended dosage 
was exceeded, in the other serum electrolytes were 
not properly monitored). Observe regularly for 
possible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasias have 
been reported in patients receiving triamterene, 
and leukopenia, thrombocytopenia, agranulo- 
cytosis, and aplastic anemia have been reported 
with thiazides. Triamterene is a weak folic acid 
antagonist. Do periodic blood studies in cirrhotics 
with splenomegaly. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use 
cautiously in surgical patients. The following may 
occur: transient elevated BUN or creatinine or 
both, hyperglycemia and glycosuria (diabetic 
insulin requirements may be altered), hyper- 
uricemia and gout, digitalis intoxication (in 
hypokalemia), decreasing alkali reserve with 
possible metabolic acidosis. ‘Dyazide’ interferes 
with fluorescent measurement of quinidine. 
Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis, rash, 
urticaria, photosensitivity, purpura, other derma- 
tological conditions; nausea and vomiting, diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, xanthopsia and, rarely, allergic 
pneumonitis have occurred with thiazides alone. 
Supplied: Bottles of 100 and 1000 capsules; 


Single Unit Packages of 100 (intended for institu- 
tional use only). 
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Carolina, P.R. 00630 . 
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; E . 556 Reversibility of Mitochondrial and Contractile Changes in the Myocardium After Cessation ôf 
~ Prolonged Ethanol Intake 
a f RONALD WEISHAAR, JONNALAGEDDA S. M. SARMA, YUKIO MARUYAMA, RENATE FISCHER, ° ; 
: SILVIA BERTUGLIA and RICHARD J. BING j a 


The hearts of rats consuming 25 percent ethanol daily for 4, 6 or 8 weeks showed graded reduction in their maxi- 
mal rate of isometric tension development, maximal developed tension and velocity of shortening at zero load. 
. The time to peak tension gradually increased and mitochondrial respiration steadily decreased with longer peri- 
ods of ethanol ingestion. Other biochemical changes were also noted. Four weeks after removal of ethanol from 
H the diet, the contractility of glycerinated heart muscle fibers was still significantly diminished. After 8 weeks, ve- 
locity of shortening at zero load (Vmax), maximal developed tension (Po) and time to peak tension (Po) returned 
to normal but maximal rate of isometric tension development (dP/dtmax) was still reduced by 15 percent. Mito- 
chondrial respiration was nearly normal after 8 weeks of abstinence. These observations at a cell.level in rats 
tend to support the current clinical impression that at certain stages the effects of chronic alcoholism on the 
human heart can be arrested and even reversed by abstinence. 


563 Normal Aortic Valve Function in Dogs ` 
MANO THUBRIKAR, ROBERT HARRY and STANTON P. NOLAN 


In this study of normal aortic valve function in dogs the relation between aortic root diameter and blood pressure 
was similar to a classic tension-radius relation of the aorta in which the aortic root diameter is controlled by 
blood pressure and by the pressure gradient across the valve. The systolic expansion of the aortic valve, com- 
bined with the circular opening of the valve leaflets, provides a smooth orifice, minimizes the shear stresses on 
the leaflet surfaces, reduces the bending stresses at the point of leaflet attachment and decreases the folding 
of the leaflets in the open position, the flexion stresses at the center of the leaflets and the fatigue strain on the 
leaflets. Incorporation of these characteristics of the normal aortic valve into aortic prostheses should reduce 
prosthetic failure due to fatigue and flexion stresses. \ 


PEDIATRIC CARDIOLOGY SZ % 


569 Persistent Truncus Arteriosus. A Study of 66 Autopsy Cases With Special Reference to Definition and 
Morphogenesis 


GIANCARLO CRUPI, FERGUS J. MACARTNEY and ROBERT H. ANDERSON 


In this morphologic study of 66 hearts with persistent truncus arteriosus and 24 hearts with single aortic trunk, 
pulmonary atresia and ventricular septal defect, the investigators conclude that these two, anomalies represent 
morphologically discrete conditions. They suggest that persistent truncus arteriosus is best defined as that con- 
dition in which a single arterial trunk leaves the heart through a single semilunar valve and supplies the aorta, 
one or both pulmonary arteries and the coronary arteries. Hearts with a common arterial trunk supplied through 
discrete ventricular outflow tracts and two semilunar valves are best viewed as examples of aorticopulmonary 
window. These observations show also that the infundibular septum is absent in persistent truncus arteriosus and 
that the inner curvature of the heart is the structure that produces truncal atrioventricular (A-V) discontinuity. The 
concept of lack of infundibulo-truncal septation provides a more plausible explanation than the differential conal 
growth hypothesis for the morphogenesis of persistent truncus arteriosus. 
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REPORTS ON THERAPY - ‘ j 


579 Effect of Procainamide, Propranolol and Verapamil on Mechanism of Tachycardia in Patients With $ 
Chronic Recurrent Ventricular Tachycardia l 
i 


e HEIN J. J. WELLENS, FRITS W. H. M. BÄR, KONG I. LIE, DONALD R. DÜREN and HENK J. DOHMEN 


The initiation and termination of short-term ventricular tachycardia with programmed electrical stimulation and 

a the effect of procainamide on tachycardia favor reentry as the underlying mechanism of the tachycardia in 12 
patients with chronic recurrent sustained ventricular tachycardia. Procainamide terminated the induced ventricu- 

lar tachycardia during or within 2 minutes after its administration, but propranolol and verapamil did not affect 

the arrhythmia. Procainamide lengthened the effective refractory period of the right ventricle, affected the tachy- 

` v cardia zone, reduced ventricular rate during tachycardia and lengthened the interval between the tachycardia-ini- 

f tiating premature ventricular beat and the first QRS complex of tachycardia. Propranolol and verapamil had no j 

E observable effect on the refractory period of the right ventricle or the mechanism of tachycardia. l 
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586 Aprindine for Treatment of Supraventricular Tachycardias. With Particular Application to Wolff- 
Parkinson-White Syndrome 
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DOUGLAS P. ZIPES, WINSTON E. GAUM, PETER R. FOSTER, KENNETH M. ROSEN, DELON WU, 
-FERNANDO AMAT-Y-LEON and R. JOE NOBLE 


. Aprindine, a new antiarrhythmic drug with local anesthetic properties, proved particularly efficacious in the man- 
agement of nine patients with refractory supraventricular tachycardia associated with the Wolff-Parkinson-White 
syndrorhe and one patient with an unrelated conventional drug-resistant supraventricular tachycardia. This drug 
either prevented the initiation or slowed the rate of supraventricular tachycardia. These studies demonstrate that 
aprindine uniformly lengthened the refractory period or produced complete block in the accessory pathway in 
an anterograde direction while exerting a less consistent depressant effect on retrograde refractoriness in the 
bypass „tract. Neurologic side effects occurred mainly during the initial administration and drug adjustment 
phases of treatment. The therapeutic-toxic appear fairly close and more studies are needed to establish the ben- 
efit to risk ratio of aprindine. 
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Differences in Cardiac Function With Prolonged Physical Training for Cardiac Rehabilitation 


ROBERT A. BRUCE, FUSAKO KUSUMI and RICHARD FREDERICK 


The performance differences noted in 10 patients with cardiovascular disease participating in a physical training 
program of cardiac rehabilitation over an average period of 23 months reflect both the interactions of advancing 
age and temporary arrest of progression as well as the inexorable progression of chronic cardiovascular disease 
regardless of therapy. The rate of change in maximal oxygen uptake related to normal changes with aging was 
decelerated in four and accelerated in six men. At comparable oxygen requirements of exercise, stroke volume 
and cardiac output were unchanged in the former and significantly increased in the latter groups. Prolonged 
physical training enhances the physiologic adaptations of cardiac rehabilitation by increasing functional aerobic 


l capacity or maximal oxygen uptake as a result of peripheral or noncardiac adaptations and secondarily reducing 


the relative aerobic and circulatory demands of submaximal or ordinary exertion on the ischemic, infarcted or 
pressure-overloaded left ventricle. Such benefits require continued participation to prevent subsequent decondi- 
tioning and loss of functional improvement. 


REVIEW i 


Prognosis After Acute Myocardial Infarction: Relation to Blood Pressure Values Before Infarction in a 
Prospective Cardiovascular Study 


SIMON W. RABKIN, FRANCIS A. L. MATHEWSON and ROBERT B. TATE 

In 160 men specially selected from 3,983 men in the Manitoba cohort study group, progressively increasing 
values for systolic or diastolic pressure before their first myocardial infarction were associated with a worsening 
prognosis. Those with a systolic pressure of 140 mm Hg or greater or a diastolic pressure of 90 mm Hg or great- 
er had a significantly lower survival rate up to 10 years after their myocardial infarction than patients with lower 
blood pressure levels. Positive or negative changes of 20 mm Hg or more in systolic blood pressure were asso- 
ciated with significantly lower survival rates within 3 months of the infarction but not thereafter. Blood pressure 
was the best and only significant predictor of long-term mortality. One possible explanation for its importance 
in predicting prognosis is that elevated blood pressure is associated with more extensive and severe coronary 
atherosclerosis. 


DIAGNOSTIC SHELF 


Left Heart Myxomas 


DAVID L. MORGAN JOSEPH PALAZOLA, WILLIAM REED, HUBERT H. BELL, LYNN H. KINDRED and 
GARY BEAUCHAMP 


Echocardiography detected separate left ventricular and left atrial myxomas in a 24 year old asymptomatic 
cocktail waitress and permitted successful surgical removal of her tumors before she experienced any disas- 
trous complications of her disease. Although the murmur of left heart myxoma often resembles that of hypertro- 
phic subaortic stenosis, mitral regurgitation or mitral stenosis, the systolic murmur in this patient was not entirely 
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' anew W cardiograph: 


Versatility 
The EK-5A is ideal for routine ECGs, exercise toler- 
ance testing procedures, ECG data-phone trans- 

missions, surgery and emergency departments, and 
ICUs. It’s also compatible with other instrumentation 
in multiple-use situations. That means cost-effec- 


Solid return 
on investment 
The Burdick EK-5A electro- 
cardiograph is an income- 


“State-of-the-art” 
electronics 
The Burdick EK-5A produces high- 












Backed by years of electro- 







producing center that quickly 
pays for itself. With special tax 
savings and depreciation advan- 
tages available, as few as 27 
ECGs can cover your actual net 


tiveness for you. 











fidelity, consistently accurate ECG 
Patient is protected with isolated c 
cuitry. Automatic lead-coding and fas 
lead switching save time and reduce 
paper usage. Exceeds minimum 
frequency-response recommenda- 


‘, 


ir- 


cost of the EK-5A. tions of the AHA. 
GÈ oai ECG technician 

ned training seminars 
dependability Z rs 


cardiograph manufacturing 
experience. Ready for rigor- 
ous use day after day. Every 
Burdick EK-5A is live-patient 
tested before passing final 
inspection; added assurance 
for you. 


Local dealer a 


service 


Service is readily available 

through Burdick-trained and 
authorized local dealers. Proper 
installation, careful analysis of en- 
vironmental interference problems, 
and provision of loaner equipment 
are all part of Burdick’s service 






A warranty you can trust 

Enjoy the security gained from purchasing the best 
in ECG instrumentation. Know that it’s backed by 
Burdick, with more than 64 years of ethical, war- 


nicians nationwid 
E ing proper techni 
i utes to accurate, onsistently 
high-quality ECGs; D 
dence in taking electrocardio- 
grams. Your staff, too, is wel- 
come. Ask us for details. 
E] 


Burdick has conducted more tha 
750 technician training seminars 
for over 35,000 nurses and tech- 


demonstrat- 
that contrib- 


one Ease of operation 


nfie 


Well arranged panel and easy top- 





loading paper save time and reduce 
labor costs. Fewer retakes; more top 
quality ECGs. Your staff will ap- 
preciate its attractive appearance, 


after the sale. ranted service to the medical profession. compactness, and light weight. 
a 
ad If your electrocardiograph can’t offer you many benefits. And now, Burdick’s new 
all these advantages and benefits, it makes BlueTrace/200 ECG paper will give you dis- 
good sense, diagnostically and financially, to tinct blue tracings that contrast clearly with a 
buy one that does—the Burdick EK-5A. Ask red grid on bright white paper. 
your participating Burdick dealer about spe- For a demonstration, or more informa- 
cial tax advantages and trade-in allowances tion, call toll-free, (800) 356-0701. Within 
available to you. Convert your old cardiog- Wisconsin, (608) 868-7631. Or write to 
raph into a partial payment on a Burdick The Burdick Corporation, 
A EK-5A, and start taking advantage of its Milton, Wisconsin 53563. 
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€ diagnostic of any single structural abnormality. Echocardiography and angiography are essential for a complete 

E . eyaluation in this type of case. 2 
f 615 Echocardiographic Features of Cor Triatriatum 

e 


“MARIO 1. CANEDO, MILTIADIS A. STEFADOUROS, MARTIN J. FRANK, H. VICTOR MOORE and 
DAVID W. CUNDEY 


SERN A 


=P 


This instructive report recommends that an unexpectedly normal mitral valve echocardiogram in a subject with 
evidence strongly suggesting mitral valve stenosis should initiate a thorough echocardiographic search, includ- 
ing ‘‘sector scans,” for cor triatriatum. Such studies in a 19 year old man with this congenital condition, which 
was first diagnosed with angiocardiography and later documented at cardiac surgery, revealed two apparently 
A f characteristic findings: (1) an abnormal dense linear echo on ‘‘sector scan” that consistently traversed the left 


ai 


atrial cavity obliquely and whose ends were attached to the posterior aortic and lateral walls of the left atrium, 
and (2) high frequency oscillatory movements in the echo of the posterior mitral cusp. Both features disappeared 
N after the successful resection of the intraatrial fibrinous membrane. 


7 A 20 idiopathic Enlargement of the Right Atrium 
` JUN ASAYAMA, TOHRU MATSUURA, NAOTO ENDO, HARUO MATSUKUBO and KEIZO FURUKAWA 


Echocardiographic studies proved useful in determining the size of an idiopathically enlarged right atrium in a 75 
year old man. In this case tricuspid insufficiency occurred over a period of 4 years, possibly as a complication 
in the late stage of this condition. Such tricuspid insufficiency may induce further atrial enlargement. In some 
cases moderate right ventricular compression by the weight of the large volume of intraatrial blood may induce 
paradoxical pulse and low cardiac output, and pericardial tap has been carried out on the basis of a mistaken di- 
agnosis of cardiac tamponade, as occurred earlier in this patient. 





624 Prøvocative Testing for Coronary Arterial Spasm: Rationale, Risk and Clinical Illustrations 
: CATHERINE NELSON, BOGDAN NOWAK, HENRY CHILDS, LARRY WEINRAUCH and 


E STANLEY FORWAND 

k : The patient with chest pain and arteriographically normal coronary arteries needs pharmacologic provocative 
ie : testing to provide a valid diagnosis and aid in management, as these two cases of Prinzmetal’s variant angina 
me demonstrate. Ergonovine maleate (0.2 cc) injected intravenously produced electrocardiographic evidence of 
S coronary spasm in both. Such testing is not without risk of complications, particularly arrhythmias. It should be 


done in the coronary care unit only after arteriographic demonstration of normal coronary arteries because only 
then is such 1 testing necessary for diagnosis. Additional safety precautions should include the ready availability 
of atropine, 'nitroglycerin, phentolamine and lidocaine for use to counteract the effects of the ergonovine. The 
presence of coronary spasm in the absence of fixed coronary lesions favors the use of short- and long-acting ni- 
trates in clinical management and may contraindicate administration of propranolol, which increases vascular 
resistance. . 
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CASE REPORTS 


Cad 


BERNARD LOWN 


The true explanation and precise mechanism of angina pectoris remain speculative despite its long close asso- 
ciation with hemodynamic and psychologic factors. This charming Proustian case report explores the basis of 
verbal conditioning in provoking angina pectoris during a Master’s two-step exercise test and supports the im- 
portance of psychologic conditioning, especially with operant techniques, to induce learned modification of au- 
tonomic nervous system responses in animals and man. Although this case clearly demonstrates the triggering 
of angina during exercise testing by a verbal cue, the physiologic mechanism of this psychologic phenomenon 
is still inadequately understood. 


z Continued on page A24 N 
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Forth special needs of pati 


with hard, dry stools 


Hard, dry stools hurt, and may be hazardous by causing straining. SENOKOT S Tablets offer 
comfortable relief by softening the stool and stimulating its movement. 


Provides standardized senna concentrate, 

a clinically established laxative of choice 

Standardized senna concentrate is a gentle, effective neuroperistaltic stimulant with 
documented effectiveness in thousands of patients. Its virtually colon-specific, gentle, 
predictable action is generally free of side effects at proper dosage levels. 


Provides DSS, the classic stool softener 
DSS in SENOKOT S Tablets complements the laxative effect of standardized senna 
concentrate by “moistening” and softening the stool for smoother and easier passage. 


Comfortable overnight action 

With DSS and standardized senna concentrate, SENOKOT S Tablets provide both softness 
and stimulation for constipated patients with hard, dry stools. Taken at bedtime SENOKOT S 
Tablets usually induce predictable, comfortable evacuation the next morning. 


Purdue Frederick 


©COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
A8339 178576 


Senokot 


(standardized senna concentrate and diocty! sodium sulfosuccinate ) tablets 


the“S ’stands for softener 
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635 Histologic Observations of the Cardiac Conduction System in a Patient With Postoperative Bilateral 


Bundle Branch Block 


EHUD KRONGRAD, SAROJA BHARATI, LEONARD STEINFELD and MAURICE LEV 


“A. ehild with double outlet right ventricle and multiple ventricular septal defects had right bundle branch block 


after her first heart operation and complete heart block after a second one at age 9 1/2 years. Examination of 
the conduction system at death shortly after the second operation showed that the right bundle branch was com- 
pletely jnterrupted by the patch used to repair the subaortic ventricular septal defect and the left bundle branch 
was completely severed by the patch used to repair the muscular ventricular septal defects. The right bundle 
branch is at risk in all patients who require open heart surgery and whose right bundle branch is close to an inter- 
ventricular septal defect. This group includes patients with tetralogy of Fallot, isolated subaortic ventricular sep- 
tal defect, A-V cushion defect and other congenital heart disease with interventricular defects.This case calls 
for an increased effort to avoid proximal injury to the right bundle branch during open heart surgery. A currently 
available electrophysiologic technique to identify the right bundle branch during open heart surgery should be 
used to train all cardiovascular surgeons to be familiar with the precise course of this structure. 


Pseudo Bundle Branch Block Produced by Premature Impulses Arising in the Bundle Branches 


AGUSTIN CASTELLANOS, RUEY J. SUNG, IVAN J. MENDOZA, STEPHEN M. MALLON and 
ROBERT J. MYERBURG 


Pseudo bundle branch block produced by concealed premature contraction arising in the bundle branches was 
documented and studied in two symptomatic patients with the sick sinus node syndrome. Intracardiac leads were 
essential to localize the site of manifest impulse formation. One patient had manifest and concealed left bundle 
branch ectopic beats, probably parasystolic, the latter produced pseudo complete left bundle branch block when 
confined exclusively to the left bundle branch and pseudo atrioventricular block when confined to the His-Purkin- 
je system. The other patient, a 59 year old woman, had right bundle branch extrasystoles with sinus beats that 
showed a right bundle branch block pattern possibly caused by pseudo bundle branch block, although a mechan- 


BE E ical origin for the automaticity and the conduction disturbance could not be ®xcluded. 


Intermittent Tachycardia-Dependent Combined Right Bundle Branch and Left Anterior Conduction 
Block ' s 


MICHAEL A. GOODFRIEND, ERIC A. SCHENK and §. SERGE BAROLD 


Intermittent tachycardia-dependent combined right bundle branch and left anterior conduction block in a 68 year 
old man with dyspnea and dizzy spells is attributed to a lesion in the distal His bundle. The ‘‘critical rate” for the 
appearance ofecombined block varied from day to day within a range of 8 to 130 beats/min. Autopsy showed 
slight diffuse fibrosis of the atrioventricular node; degeneration, loss of conducting cells, slight interstitial fibrosis 
and focal chronic inflammatory cell infiltrate in the bundle of His; extensive fibrosis, loss of conduction fibers and 
focal lack of continuity between the His bundle and the origin of the most posterior segment of the left bundle 
branch; and no histologically obvious abnormalities in the more anterior segments of the left and right bundle 
branches. It is suggested that an obstructive vascular process produced not only small ischemic lesions but also 
episodic reversible ischemia of the conducting tissues. 


Cad 


EDITORIALS 


Isolated Left Anterior Descending Coronary Artery Disease: Choice of Therapy 


ZAINUL ABEDIN and SIMON DACK 


Problems in Measuring Threshold for Cardiac Pacing. Recommendations for Routine Clinical 
Measurement 


THOMAS A. PRESTON and S. SERGE BAROLD 


SPECIAL DEPARTMENTS 


American College of Cardiology News 





< CARDIOCASSETTE. II 


NEW Pocket Size 
Ambulatory ECG System 


The small size and weight (under 15 ounces 
with battery) of the new CARDIOCASSETTE Il 
`\ make it ideal for investigations into the cause of 
transient dyspnea, angina, cerebral ischemia, 
Æ etc., and for monitoring progress in cardiac 
; rehabilitation. CARDIOCASSETTE Il is easily 
carried in shirt or coat pocket, across the 
shoulder or on the hip. There is little or no 
interference with patient activity even during 
strenuous sports or exercise such as tennis. 


dings during symptoms or during activity being investigate 
automatic programmer provides a variety of selectable prog 
giving ECG recordings from 3⁄2 to 28 seconds in length at intervals 
from 15 to 120 minutes, permitting long-duration monitoring of 
active patients. Continuous recordings up to 30 minutes lorg are 
possible. The patient can record voice comments along wiih the 
ECG, eliminating the need for a written diary. : 


Patient-activated mode permits patient to initiate ECG +: 


CARDIOCASSETTE Il plays back directly into any standard 

office ECG unit. No scanning or data processing equipment is 

required. This feature permits storage of ECG data for subsequent 

processing by a variety of modes including oscilloscope display, 
editing, phone transmission, batch process- 
ing, computer analysis, etc. 


directly from CARDIOCASSETTE | 
the telephone to any ECG re 
facilitating remote analysis or consultation. 


Recorded ECG can be ETE Ife 


ver, 


Performance exceeds American Heart 
Association standards for frequency 
response, common mode noise rejection, 
and impedance. 





For a demonstration or more information on the 
new CARDIOCASSETTE Il write or phone: 





_ -sHolter had the idea in 1961. os 
' Stein! Peterson improved on it. 
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“Today its called anLCG. * 


Years of research and development have 
produced a recorder that is more accurate, 
a data examination technique that is more 
io reliable, and a patient report that is uniquely 
ey clear and comprehensive. 

Combine these advances with a‘trained 
and medically supervised staff and you 
have the Clinical Data LCG, a much im- 
proved method of long-term apa.” | 
ECG recording and reporting. 

At the heart of an LCG is the Stein/Peter- 
son Examination Technique™: In place of 
high-speed superimposed ECG complexes, 
the examiner sees two-minute segments 
held stationary on a display, advanced 
sequentially at a rate controlled by the ex- 

j aminer. No longer is there a likelihood of 
blinking and missing a serious arrhythmia. 
, The recorder is important, too: Itis the 
Pi only one-pound, 24-hour two-lead recorder 
that records a timing track simultaneously 
’ with the data to assure accurate reporting 
E A kd of time-dependent events. 

But the report is the key. An LCG Report 
presents representative and abnormal 
: ; $ ; sequences in standard ECG format (with ; 
Pea wee pee time of day and patient activity automat- + 

+ SX ically printed above them) of arrhythmia “= 
; and ST-segment changes detected; a min- 
ute-by-minute graphic display of heart rate; 
and quantitation by morphology of ectopic 
events (singles, pairs, and runs) detected 
and observer-validated to 85% reliability. 

And service. We provide you with the 
number of recorders you need. They are 
our repair, replacement, and‘wpdating 
problems, not yours. Your recording is ex- 
amined the day it arrives at Clinical Data, 
and your report is completely checked by 
the supervising RN. In many cities turn- 
around time is frequently 24 hours. (This 
service appties equally to recordings made 
on other cassette recordess or reel-to-reel 
equipment.) 

There is more to tell about the Clinical 
Data LCG, of course, because a lot has 
happened since 1961. Let us send you the 
full story, including a sample LCG Report I. 

Clinical Data, Inc. 1371 Beacon Street, 
Brookline, Mass. 02146. Telephone toll free 
1-800-225-9180. 


ees. Clinical Data, Inc. 


own % actual size.) Accurate Data, Clearly Reported 
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ii Å See us at the American College of Chest Physicians Meeting in Las Vegas, Nov. 1 to 3; 
Sas : eS es __ Association of Respiratory Therapists Meeting in New Orleans, Nov. 12 to 155 
Ges American Heart cme oP Meeting i in Miami, Nov. 28 to Dec. 1. 
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Diagnosis: PVC's 


(Premature Ventricular Contractions) 


initial therapy: 
uinidine sulfate tablets 
at 
: 9 a.m. 
1 p.m. 
5 p.m. 
9 p.m. 
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convenience ~ 








and compliance... 
a welcome change- 
simple q 8-12 hour dosage 


300 mg in each Extentab 


A-H-OBINS 


Ine Sulfate USP) 


e 

After the PVC’s have beep successfully suppressed with 
quinidine sulfate tablets, you can maintain normal sinus 
rhythm with Quinidex Extentabs. The simple q 8-12 hour 
dosage is more convenient for the patient than the usual 
q.i.d. dosage for short-acting tablets. Instead of having to 
remember to carry his medication with him during the day, 
he simply leaves the bottle in the medicine cabinet. 
There's less risk of a missed dose . . . better compliance 
with your dosage regimen. The unique construction of 
Quinidex Extentabs provides continuous absorption 
of quinidine sulfate over an 8-12 hour period. Each of the 
Extentabs contains 300 mg quinidine sulfate — approxi- 
mately 23% more quinidine alkaloid than 324 mg quini- 
dine gluconate. 


See full prescribing information on following page 
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Indications: 

Quinidex Extentabs are indicated in the treat- 
ment of: 

Premature atrial and ventricular contractions. 

Paroxysmal atrial tachycardia. 

Paroxysmal A-V junctional rhythm. 


Ši Atrial flutter. 
. Paroxysmal atrial fibrillation. 
a j Established atrial fibrillation when therapy is 
appropriate. 


Paroxysmal ventricular tachycardia when not 
associated with complete heartblock. - 

Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter.. ` 


va 


The only long-acting form of quinidine sulfate 


Quinidex. 
Extentabs 


(Quinidine Sulfate USP) 


$ A-H-ROBINS 


E A. H. Robins Company, Richmond, Va. 23220 
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Contraindications: Intraventricular con- 
duction defects. A-V block. Idiosyncrasy or 
hypersensitivity. 

Aberrant impulses and abnormal 
rhythms due to escape mechanisms should 
not be treated with quinidine. 


Warning: In the treatment of atrial flutter, 
reversion to sinus rhythm may be preceded 

eby a progressive reduction in the degree of 
A-V block to a 1:1 ratio and resulting ex- 
tremely rapid ventricular rate. 


Precautions: All the precautions applying 
to regular quinidine therapy apply to the Ex- 
tentab form. Use with care in patients with 
severe congestive failure, renal insuffi- 
ciency or with digitalis intoxication. 
Patients should be carefully observed 
for signs of toxicity: e.g., (1) allergy or idio- 
syncrasy, such as febrile reactions, skin 
eruptions, and thrombocytopenia (ex- 
tremely rare); (2) “cinchonism,” such as 
tinnitus, blurred vision, dizziness, light- 
headedness, and tremor; (3) G-I symptoms 
(nausea, vomiting, diarrhea, and colic); 
(4) cardiotoxic effects such as ventricular 
extrasystoles occurring at a rate of one or 
more every 6 normal beats, an increase of 
the QRS complex of 50% or more, a 
complete A-V block, or ventricular tachy- 
cardia. 
NOTE: The development of “cinchonism” 
is not usually sufficient reason for terminat- 
ing quinidine therapy. G-I symptonis can 
also be minimized by giving the drug with 
food. 


Adverse Reactions: Cases of quinidine- 
induced hypoprothrombinemic hemorr- 
hage in patients on chronic anticoagulant 
drug therapy have been reported. 
Dosage: Two Quinidex Extentabs every 8 
to 12 hours. 

How Supplied: White sugar-coated Exif. 


tabs in bottles of 100 and 250 
(NDC 0031-6649). 


Cardiology 


Cardiologists Face 


the Foremost Cause of Death in U.S. 


MODERN CARDIOLOGY 
devotes six chapters to the latest 
information on ischemic heart 
disease. Additionally, an in- 
depth up-date is provided fora 
wealth of common cardiac prob- 
lems. The author, an eminently 
experienced cardiologist, com- 
bines scholarly documentation 
and a sensitivity to clinical signs 
for areas which include: 
Hypertension, valvular disease, 
special considerations for dis- . 
eases of the endomyocardium 
and pericardium 

Ischemic heart disease — etiol- 
ogy through therapies, compli- 
cations, variations 

Drugs — update on use of new 
and common medicines 
Laboratory techniques — clinical 
indicators for use of echocar- 
diography and exercise stress 
testing 

Preventive cardiology 

Unique chapters such as Car- 
diovascular Problems in Airline 
Pilots, Familial Cardiac Dys- 
rhythmias, and Athlete’s Heart. 


John D. Cantwell, M.D., is Direc- 
tor, Preventive Cardiology Clinic; 
Co-Director, Cardiac Rehabilita- 
tion, Georgia Baptist Hospital; 
and Clinical Assistant Professor 
of Medicine, Emory University, 
Atlanta 488 pages, with 100 
illustrations. $24.95 

Contents: 

Physical Examination — New 
Concepts in Physical Diagnosis. 
Laboratory Techniques — Elec- 
trocardiography: Selected As- 
pects; Radiographic Studies; 
Echocardiography; Eight 
Reasons for Exercise Testing; 
His Bundle Electrography. Is- 
chemic Heart Disease— What . 
Causes Atherosclerosis? Sudden 
Death; Variants of Usual Coro- 
nary Disease; Therapeutic Ad- 
vances in Coronary Disease; 
Heart Block, Pacemakers, and 
Coronary Disease. Endomyocar- 
dial Disease — Infectious En- 
docarditis; Cardiac Involvement 
in Systemic Disease; Car- 


diomyopathy. Pericardial Disease 


— The Spectrum of Pericardial 
Disease. Valvular Heart Disease 
— Aortic Stenosis; Aortic Re- 


gurgitation; Mitral Stenosis; Mi- is 


tral Regurgitation; Pulmonary 
and Tricuspid Valvular Disease. 


Enclosed is $ for 
($24.95 each). 


Please ship, postage prepaid, to: 


Name 
Address 
City 


AJC10-7 





copies of MODERN CARDIOLOGY 
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Congenital Heart Disease — 
Atrial Septal Defect; Ventricular 
Septal Defect; Patent Ductus Ar- 
teriosus; The Patient with 
Cyanotic Heart Disease. Pulmo- 
nary — Pulmonary Embolism; 4 
Pulmonary Aspects of Clinical 
Cardiology. Hypertension — + 
Hypertension: New Views ofan 4 
Old Disease. Peripheral Vascular 
Disease — Dissecting Aortic , 
Aneurysms. Pharmacology — | i 
New Concepts in Digitalis e 
Therapy; Vasodilator Therapy in 
Acute Myocardial Infarction: 
Nitrates, Phentolamine, Nitro- 
prusside; Antiarrhythmic 
Agents. Cardiac Emergencies — 
Cardiac Emergencies. Miscel- z 
laneous Cardiac Topios — The a 
Heartand the Eye; Familial Car- A 
| 
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diac Dysrhythmias; Cardiovascu- 
lar Problems in Airline Pilots; 
Athletes Hearty, 
Nondiseased; Ne orizons in 

Diagnosis and Therapy; Preven- 


iseased and 


tive Cardiology in Practice. ` 
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BUTTERWORTHS 


19 Cummings Park, Woburn, MA 11801 





aN CXerClse 


for cardiac 


® 


oatent 


A reliable and c6nvenient 
way to monitor 
heart rate. 


For more 
information 
write to: 


A d 


RESPIRONICS INC. 


Middle Avenue at Third Street, 
= Wilmerdina. Pa. 15148. (412) 823-0440 
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Unit is shown 
actual size. 





(propanolol hydrochloride). ~, 


IN HYPERTENSION 
A PATTERN OF CLINICAL SUCCESS 


In study after study... 
INDERAL continues to 
prove highly effective in 
helping to control mild 
to severe hypertension. 


INDERAL has been used to establish 
control in inadequately controlled 
hypertension. INDERAL, added to or 
substituted in the regimen, effectively 
lowers blood pressure in many cases 
where diuretics, reserpine, methyl- 
dopa, or hydralazine are unable to 
provide sufficient antihypertensive 
effect? Moreover, INDERAL is 
equally effective in both the supine and 
standing positions.2>9 It, therefore, 
tends to provide smooth 24-hour con- 
trol of blood pressure. 

Tolerance to INDERAL has not been 
observed.!3* 


INDERAL is a drug of 
choice for use with 
diuretics to provide 
greater blood pressure 
control, and to which 
hydralazine is added 
when needed. 


When combined with these agents, 
INDERAL has an additive antihyper 
tensive effect. Furthermore, INDERAL 
offsets reflex increases in cardiac rate, 
cardiac output, and renin secretion 
which tend to diminish the efficacy of 
diuretics45 and vasodilators.’®4619 
INDERAL thus is a rational addition to 
therapy when the antihypertensive 
capacity of a diuretic alone proves 
insufficient. 

By inhibiting reflex increases in 
heart rate and cardiac output, 
INDERAL also extends the usefulness 





~ INDERAL | 





‘of hydralazine. When hydralazine is 


added to INDERAL, the dose of both 
drugs can:often be reduced. 

The cembination of INDERAL plus 
hydralazine has aptly been called 
“hemodynamically unique” and when 
added to a diuretic provides an effec- 
tive regimen for most moderate to 
severe hypertensive patients.” 
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Before entry into the five Re study, the — 
pressures of 20 of the 23 patients were inade- 
quately controlled by a diuretic plus either methyl- 
dopa, or guanethidine, or both. After establish- 
ment of blood pressure control with a diuretic plus 
INDERAL plus hydralazine, withdrawal of 
INDERAL reduced the antihypertensive efficacy 
of the resulting regimen by 50% and produced 
unacceptable side effects in 25% of the patients 








Adapted from Zacest, et al® 





INDERAL is associated 
with greater freedom | 
from certain side effects 
which may impair the | 
life-styles of active 
patients and may 4 
prevent compliance. s 


Because INDERAL blocks only beta- — 
adrenergic activity, it does not tend to — 
cause side effects characteristic of ` 
other potent antihypertensive agents — 
which inhibit the entire sympathetic — 
nervous system.”!4:17 l 
Postural or exercise hypotension y 
is not a problem with INDERAL. 
Because it usually does hot cause 
postural or exercise hypotension, 
INDERAL has been considered a drug 
of choice for those whose occupations, 
activities, or underlying conditions, 
such as cerebrovascular disease, 
would make a sudden fall in blood 
pressure dangerous.2>9:5:16.20-23 
Sexual dysfynction is rarely, 4 
if ever, a proWlem with INDERAL. 
Failure of erection or ejaculation does 
not characterize therapy with 
INDERAL .6.7.15.20.22,23% 

Patient compliance can be enhanced. i 
The fact that INDERAL is generally 
well tglerated can be expected to 
have a favorable effect on patient 
compliance?7® 

In one recent study comparing the E; 

combination of a diuretic plus beta- 
blockers, including INDERAL, to pre- — 
vious therapy with a diuretic plus — 
reserpine, or methyldopa, or other ; 
agents, patient preference for the | 
beta- blocker regimen was so great that 
“no patient wished to return to former 
medication after the trial concluded, 
and many rated their general toler | 
ance of treatment as considerably 
improved.’’6 


*See subsequent discussion of unteward effects and | 
full prescribing information for Contraindications, 
Warnings, Precautiors, and Adverse Reactions. 
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-Candidates for INDERAL 
_ therapy: the majority of 


_ hypertensives. ..except 


_ those with impaired 
. cardiac function or those 
_ prone to bronchospasm: 


_ One of the likely mechanisms whereby 
_ INDERAL lowers blood pressure is 
| reduction in cardiac output. In patients 
_ without significant cardiac dysfunc- 
__ tion, this is a logical, safe, and effective 
way to lower blood pressure. The large 


a 


-majority of hypertensive patients with- 
| out previous episodes of congestive 
failure or extensive scarring from mul- 
_ tiple myocasdial infarctions are likely to 
~ do well on INDERAL therapy. 
Bécause full sympathetic drive may 
| be necessary to maintain adequate 
| pumping action in patients with 
| impaired cardiac function, INDERAL is 
contraindicated in those with conges- 
tive failure, unless: the failure is 
_ secondary to a tachyarrhythmia treat- 
| able with INDERAL. INDBRAL is also 
| contraindicated in patefits with bron- 
E chial asthma. 
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| *See full prescribing information for Contraindica- 
[ tions, Warnings, and Precautions on last page of 
advertisement. 
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Individualized dose 
titration: the key to | 
better clinical results. 


The recommended initial dose of 
INDERAL is 80 mg/day given in 
divided doses. The dose should be 
increased gradually until an optimum 
effect is achieved, usually in the range 
of 160-480 mg/day. In some 
instances, up to 640 mg/day may be 
required. Since a few days to weeks 
may be required for INDERAL to exert 
its fu antihypertensive effect, suffi- 
cient time should be allowed for blood 
pressure response during the course of 
dosage adjustment. 

INDERAL is customarily given in 
divided doses. 


80mg 160mg 


320 mg 480 mg 640 mg 





Usual INDERAL starting dose in hypertension: 80 
mg/day. 
Usually effective dose range: 160-480 mg/ day. 





IN HYPERTENSION 
A PRESCRIPTION FOR CLINICAL SUCCESS 


Lowering cardiac output 
is part of a rational 
approach to lowering 
blood pressure. 


Aslowing of heart rate and reduction of 
contractile force are among the prob- 
able mechanisms whereby INDERAL 
lowers blood pressure. As such, they 
should not be considered untoward 
effects. 

Experience with INDERAL has 
shown that, “Since healthy individuals 
can sustain heart rates of 50 or less 
without any disability, there appears to 
be no reason for concern when pro- 
pranolol induces heart rates of this 
level so long as there is no evidence of 
heart failure.’’24 
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INDERAL 


Untoward cardiac . 
effects are relatively 
infrequent. 


Congestive failure: Sympathetic in- 
hibition with beta-blockade carries the 
potential risk of depressing myocardial 
contractility and precipitating cardiac 
failure in patients with, and, in rare 
instances, without a history of cardiac 
failure. 

At the first sign OF symptom of 
impending cardiac failure, the patient 
should be appropriately treated with 
digitalis and/or diuretics and the 
response closely observed. If cardiac 
failure develops, INDERAL should be 
withdrawn gradually unless immediate 
discontinuation is required by overrid- 
ing clinical considerations. 

\NDERAL is also contraindicated in 
patients with a history of asthma. 

































Avoid abrupt withdrawal in 
patients with angina pectoris. 
There have been reports of exacerba- 
tion of angina aN some cases, 
myocardial infarction following abrupt 
discontinuance of INDERAL. 
INDERAL should be withdrawn gradu- 
ally from patients with angina, and 
from any patients with possible inap- 
e parent atherosclerotic coronary artery 
disease. ee 

All patients should be cautioned 
against interruption or cessation of 
therapy without the physician's advice. 

Before prescribing INDERAL for 
hypertension, please consult prescrib- 
ing information including additional 
Contraindications, Warnings, and Pre- 
cautions on the following page. 


SESE ONIN TOTS OL : 
(For full predtribjng information, see package circular), 
INDERAL —- UN 





PHYSICIAN SHOULD BE 
WITH TE BASIC CON- 


R 
C RECEPTORS (ALPHA 
), AND THE PHARMACOLOGY OF 
THIS DRUG. 


ACTIONS 

The mechanism of the antihypertensive effects of 
INDERAL has not been established. Among the factors that 
May be involvedeave*(1.) decreased cardiac output, (2) 
inhibition of renin release by the kidneys, and (3) diminu- 
tion of tonic sympathetic nerve outflow from vasomotor 
centers in the brain. 

Propranolol hydrochloride decreases heart rate, cardiac 
Output, and blood pressurg. Although total peripheral 
vascular resistance may increase initially, it readjusts to the 
pretreatment level, or lower, with chronic usage. Earlier 
Studies indicate that plasma volume remains unchanged or 
may decrease. However, there are certain more recent 
Studies suggesting that in the absence of sodium restric- 
tion, plasma volume may increase. 


INDICATIONS ° 
ion 


. 
penne . 
INDERAL is indicated in the management of hypertension. 
Itis usually used in combination with other drugs, particu- 
larly a thiazide diuretic. INDERAL is not indicated for 
treatment of hypertensive emergencies. 
Pheochromocytoma 
After primary treatment with an alpha-adrenergic blocking 
agent has been instituted, INDERAL may be useful as 
adjunctive therapy if the control of tachycardia becomes 
necessary before or during surgery. 

Itis hazardous to use INDERAL unless alpha-adrenergic 
blocking drugs are already in use, since this would predis- 
pose to serious blood pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinephrine leaves its 
constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disad- 
vantage in having both beta and alpha blockade since the 
combination prevents the increase in heart rate and 
peripheral vasoconstriction needed to maintain blood 
pressure. 

With inoperable or metastatic pheochromocytoma, 
INDERAL may be useful as an adjunct to the management 
of symptoms due to excessive beta receptor stimulation. 


CONTRAINDICATIONS 

INDERAL is contraindicated in: 1) bronchial asthma; 2) 

allergic rhinitis uring the pollen season; 3) sinus brady- 
cardia and greater than first degree block; 4) cardiogenic 

shock; 5) right ventricular failure secondary to pulmonary 

hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treat- 
able with INDERAL; 7) in patients on adrenergic-augment- 
ing psychotropic drugs (including MAO inhibitors), and 

during the two week withdrawal period from such drugs. 


WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive 
heart failure, and inhibition with beta-blockade always 
carries the potential hazard of further depressing myocar- 
dial contractility and precipitating cardiac failure. INDERAL 
acts selectively without abolishing the inotropic action of 
digitalis on the heart muscle cg | of supporting the 













strength of myocardial contractiopgf. In patients already 
receiving digitalis, the positive inotropic action of digitalis 
may be reduced by INDERAL's negative inotropic effect. 
The effects of INDERAL and digitalis are additive in 
depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC 
‘AILURE, continued depression of the myocardium over a 
eriod of time can, in some cases, lead to cardiac failure. In 
Are instances, this has been observed during INDERAL 
erapy. Therefore, at the first sign or symptom of impend- 
g cardiac failure, patients should be fully digital- 
ed and/or given a diuretic, and the respon served 
psely a) if cardiac failure continues, despite adequate 
gitalization and diuretic therapy, INDERAL therapy 
ould be immediately withdrawn; b) if tachyarrhythmia is 
ing controlled, patients should be maintained on com- 
ed therapy and the patient closely followed until threat of 
diac failure is over. 




















IN PATIENTS WITH ANGINA PECTORIS, there have 
en reports of exacerbation of angina and, in some 
ases, myocardial infarction, following abrupt dis- 
Pe ph hppa therapy. Therefore, when 
O ance of INDERAL is planned the dosage 
ould be gradually reduced and the patient care- 
lly monitored. In addition, when INDERAL is pre- 
ribed for angina pectoris, the patient should be 
hutioned against interruption or cessation of ther- 
by without the physician's advice. If INDERAL 
prapy is interrupted and exacerbation of angina 
curs, it usually is advisable to reinstitute INDE! 
hapy andake oher Measures appropriate for the 
inagement ot unstable SN pectoris, Since 
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_ IN PATIENTS WITH THYROTOXICOSIS, possible dele- a 


terious effects from long term use have not been ade- 
quately appraised. Special consideration should be given 
to propranolol's potential for aggravating congestive heart 
failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and 
give a false impression of improvement. Therefore, abrupt 
withdrawal of propranolol may be followed by an exacer- 
bation of symptoms of hyperthyroidism, including thyroid 
storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYN- 
DROME, several cases have been reported in which, after 
propranolol, the tachycardia was replaced by a severe 
bradycardia requiring a demand pacemaker. In one case 
this resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that 
require catecholamine release for maintenance of ade- 
quate cardiac function, beta blockade will impair the 
desired inotropic effect. Therefore, INDERAL should be 
titrated carefully when administered for arrhythmias 
occurring during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta 
blockade impairs the ability of the heart to respond to reflex 
stimuli. For this reason, with the exception of pheochromo- 
cytoma, INDERAL should be withdrawn 48 hours prior to 
surgery, at which time all chemical and physiologic effects 
are gone according to available evidence. However, in 
Case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e.g., isopro- 
terenol or levarterenol. However, such patients may be 
subject to protracted severe hypotension. Difficulty in 
restarting and maintaining the heart beat has also been 
reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHO- 
SPASM (e.g, CHRONIC BRONCHITIS, EMPHYSEMA), 
INDERAL should be administered with caution since it may 
block bronchodilation produced by endogenous and 
exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLY- 
CEMIA: Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory 
signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia. This is especially important to keep in 
mind in patients with labile diabetes. Hypoglycemic attacks 
may be accompanied by a precipitous elevation of blood 
pressure. 

USE IN PREGNANCY: The safe use of INDERAL in 
human pregnancy has not been established. Use of any 
drug in pregnancy or women of childbearing potential 
requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 
Embryotoxic effects have been seen in animal studies at 
doses about 10 times the maximum recommended human 
dose. 


PRECAUTIONS + 
Patients receiving catecholamine depleting drugs such as 
reserpine should be closely observed if INDERAL is 
administered. The added catecholamine blocking action of 
this drug may then produce an excessive feduction of the 
resting sympathetic nervous activity. Occasionally, the 
pharmacologic activity of INDERAL may produce hypo- 
tension and/or marked bradycardia resulting in vertigo, 
syncopal attacks, or orthostatic hypotension 

As with any new drug giveri over prolonged periods, 
laboratory parameters should be observed at regular 
intervals, The drug should be used with caution in patients 
with impaired renal or hepatic function. 


ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; 
intensification of AV block; hypotension; paresthesia of 
hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental 
depression manifested by insomnia, lassitude, weakness, 
fatigue; reversible mental depression progressing to cata- 
tania; visual disturbances; hallucinations; an acute revers- 
























neous reactions involving the skin, serous membranes and 
Conjunctivae reported for a beta blocker (practolol) have 
not been conclusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea 
levels in patients with severe heart disease, elevated serum 
transaminase, alkaline phosphatase, lactate dehydrogen- 
ase 


DOSAGE AND ADMINISTRATION 
The range for INDERAL is different for each 
indication. 


ORAL 

HYPERTENSION—Dosage must be individualized. 

The initial dose is 80 mg INDERAL daily in divided doses. 
The dose may be increased gradually until optimum blood 
pressure response is achieved. The usual effective dose 
range is 160 to 480 mg per day. In some instances dosages 
of 640 mg per day may be required. The time course of full 
blood pressure response is variable and may range from a 
few days to several weeks. INDERAL is usually used in 
conjunction with other antihypertensive agents, particu- 
larly a thiazide diuretic. When INDERAL is employed as the 
sole therapeutic agent, concomitant dietary sodium 
restriction may be advantageous. 

PHEOCHROMOCYTOMA—Preoperatively—60 mg 
daily in divided doses for three days prior to surgery, 
concomitantly with an alpha-adrenergic blocking agent. 

—Management of inoperable tumor—30 mg daily in 
divided doses. 

PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age 
group are too limited to permit adequate directions for use. 
INTRAVENOUS 

The intravenous administration of INDERAL has not 
been evaluated adequately in the management of hyper- 
tensive emergencies. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED 
RESPONSE, THE FOLLOWING MEASURES SHOULD BE 
EMPLOYED: 

BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 
mg): IF THERE IS NO RESPONSE TO VAGAL BLOCKADE, 
A@MINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE—DIGITALIZATION AND DIURET- 
ICS 


HYPOTENSION—VASOPRESSORS, e.g., LEVAR- 
TERENOL OR EPINEPHRINE (THERE IS EVIDENCE THAT 
EPINEPHRINE IS THE DRUG OF CHOICE.) 

BRONCHOSPASM—ADMINISTER ISOPROTERENOL 
AND AMINOPHYLLINE 
HOW SUPPLIED 

INDERAL (propranolol hydrochloride) 
TABLETS 
No. 461—Each scored tablet contains 10 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. Also in unit dose 
package of 100. 
No. 464—Each scored tablet contains 40 mg of propran- 
olol hydrochloride, in bottles of 100 and 1,000. Also in unit 
dose package of 100 
No. 468—Each scored tablet contains 80 mg of propran- 
olol hydrochloride, in bottles of 100 and 1,000. Also in unit 
dose package of 100. 


INJECTABLE 

No. 3265—Each ml contains 1 mg of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric 
acid. Supplied as: 1 ml ampuls in boxes of 10. 


INDERAL 


(propanolol 


hydrochloride) 


Omg, 40mg, and 80mg Tablets 


A pattern 
of clinical success 


| t Laboratories 
\ Ayerst. Never N. Y. 10017 
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Imagine a compact cardiac cath system that automatically calculates hemodynaypic 
‘functions. Generates an immediate report from selected data. Lets you program your j 


\ own cath lab protocols. Manipulates and freezes displayed data for easier dnalySis 


Has plug-in signal conditioning for a variety of physiological measurements. Has 
microprocessor control for simple setup and operation. 

That’s big-system convenience and efficiency. But you get it all for a fraction 
of the cost in the new MEDDARS Series 300. For full details, contact: Stan Edwards, 
Honeywell Physiological Data Systems, Box 5227, Denver,CO 80217. (303) 771-4700. 
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We recommend this, 


Data obtained with the 
SWAN-GANZ® Flow-Directed 
Balloon-Tipped Catheter allows 
you to diagnose and treat the 
critically ill patient with a high 
level of confidence. 

Consequently, in patients 
where large volumes of fluid 
are required or where marginal 
cardiovascular reserve is 
suspected, fluid management 


decisions (such as treatment 
with plasma protein, dextrose 
solution, albumin, etc.) can be 
made more aggressively. 
Moreover, SWAN-GANZ 
Catheters can be used to deter- 
mine many patient conditions. 
For example, pulmonary 
hypertension can be sub- 
stantiated hemodynamically, 
and the state of congenital 


heart disease determined. 

Hypovolemic shock can be 
differentiated from cardiogenic 
shock. Myopericardial disease 
can also be confirmed by the 
characteristic pressure 
changes. 

Following acute myocardial 
infarction, the degree of myo- 
cardial depression can be better 
quantitated using the cardiac 





before you preseribe these. 


pressure 


details on insertion, placement Hospital Supply Corporation 


is of heart and complications, are described 17221 Red Hill Avenge (Irvine) 
P.O. Box 11150, Santa Ana, 
nical data available CA 92711, 714/557-8910, 
from Edwards. Cable Address: EDSLAB, 

Ask your local Telex: 68:5567 
Edwards’ Technical 


raat Representative for Foon EDWARDS 
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. COUMADIN 


(CRYSTALLINE ` 
SODIUM VARFARN US ISA 


FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured — particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery: 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
U.S.P.) 


The oral anticoagulant 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of I.V. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN® a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombine time and, therefore, response to 
COUMADIN® .. 


= COUMADIN 


(CRYSTALLINE SODIUM WARFARIN USP) 


Before prescribing, please see prescribing 

information on following page. 

COUMADIN® is an Endo registered U.S. trademark; 
« U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N. Y. 11530 
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GRYSTALLINE SODIUM WARFARIN’) 
. 

= DESERIPNON COUMADIN® (crystalline @odium warfarin), a prothrombinopenic anticoagulant, is 

_ chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of sodium warfarin vir- 

tual eliminas trace impurities present in amorphous sodium warfarin, thus achieving a crystalline 

roduct of the highest purity. Warfarin* is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
marin. Orma dose-for-dose basis, COUMADIN® (crystalline sodium warfarin) is therapeutically 
equivalent to amorphous sodium warfarin. 
CTIONS COUMADIN® and other coumarin anticoagulants act by depressing synthesis in the liver of 
averal factors which are to be active in the coagulation mechanisms in a variety of diseases 
- characterized i throm! bolic phenomena. The resultant in vivo effect is a sequen*ial depression of 
f; gos Vil, IX, X and If. The degree of depression is dependent upon the dosage administered. 
__ Anticoagulants have no direct effect on an established thrombus, nor do they reverse ischemic tissue 
damage. However, once a thrombosis has occurred, anticoagulant treatment aims to prevent further 
extension of the formed clot and prevents secondary thromboembolic complications which may result 
in serious and possible fatal sequelae. 
After oral administration, absoftion is essentially complete, and maximal plasma concentrations are 
= reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. COUMADIN® 
sually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action may persist for 4 to 
5 days, thus producing a smooth, long lasting response curve. Little is known of the metabolic 
pathways involved in the biotransformation of oral anticoagulants in man. However, their metabolites 
appear to be eliminated principally in the urine. 





INDICATIONS Based onga review of this drug by the National Academy of Sciences-National 
Research Council and/or otaer information, FDA has classified the indications as follows: 


Effective: COUMADIN® is indicated for the ponies and treatment of venous thrombosis 
and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


"Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 














r CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition 
h or personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Pregnancy—COUMADIN® (crystalline sodium warfarin) is contraindicated in pregnancy because the 
= drug passes through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
__ thermore, there have been reports of birth malformations in children born to mothers who have been 
_ treated with warfarin durin pregnancy: Women of childbearing potential who are candidates for 
anticoagulant therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes pregnant while taking this drug, she should be apprised of the potential 
- fas to ve fetus, and the possibility of termination of the pregnancy should be discussed in light of 

: risks. 
lemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
em; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies asso- 
ed active ulceration or overt bleeding of: ii gastrointestinal, genitourinary or respiratory 
racts; (2) cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis and 
dericardial effusions; 6) subacute bacterial endocarditis. Threatened abortion, eclampsia and pree- 
_ clampsia. Inadequate laboratory facilities or unsupervised senility, alcoholism, psychosis; or lack of 
. coni cooperation, Spinal puncture and other diagnostic or therapeutic procedures with potential for 


controllable bleeding. Miscellaneous: polyarthritis, vitamin C deficiency, major regional, lumbar 
anesthesia and malignant hypertension. 
; a Sodiwm warfarin is a potent drug with a half-life of 2% days; therefore its effects may 
_ become more pronounced as fy maintenance doses overlap. It cannot be emphasized too strongly 
___ that treatment of each patient is a highly individualized matter. Dosage should be controlled by periodic 
_ determinations of prothrombin time or other suitable coagulation tests. Determinations of whole blood 
Clotting and bleeding times are not effective measures for control of therapy. Heparin prolongs the one- 
. Stage prothrombin time. Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® 
_ are given together, a period of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 
_ hours after the last subcutaneous dose of heparin, before blood is drawn. 
Caution should be observed when sodium warfarin is administered in any situation or physical condi- 
tion where added risk of hemorrhage is present. 
__ Administration of anticoagulants in the following conditions will be based upon clinical judgment in 
____ which the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in 
untreated cases. The following may be associated with these increased risks: 















y moderate h 


atients with congestive heart failure may become more sensitive to COUMADIN®, thereby requiring 

more frequent laboratory monitoring, and reduced doses of COUMADIN *. 

rupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over 
3e to four weeks. 

es Periodic determination of prothrombin time or other suitable coagulation test is 
ssential. 











jon 
iy the hosgial, and whenever other medications are initia- 
continued or taken jy spear The following factors are listed for your reference; however, 
r factors may also affect the prothrombin response. 
e following factors, alone or in combination, may be responsible for increased prothrombin time 
DOGENOUS FACTORS:*€arcinoma: collagen disease; congestive heart failure; diarrhea; elevated 
perature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state: vitamin K defi- 
ency-steatorrhea. 
_ EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids: antibiotics; bro- 
~ melains; chloral hydratet; chlorpropamide; peat ad cinchophen; clofibrate; a over- 
d osag e; dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting 
blood elements; ee acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; 
namic acid; methyldopa; methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 
; oxolinic acid; oxyphenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; pro- 
ged narcotics; quinidine; quinine; salicylates; surngyrazone; sulfonamides, long acting; thyroid 
_ drugs; tolbutamide; triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
_ determinations. 
Increased and decreased prothrombin time responses have been reported. 
following factors, alone or in combination, may be responsible for decreased prothrombin time 
onse: 










NDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperli- 
emia; hypothyroidism. < 


Present as crystalline sodium warfarin isopropanol clathrate. 

censed by Wisconsin Alumni Research Foundation. 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 

COUMADIN® is an Endo Registered U.S. Trademark. 























(vegetables, ish, ish oil, onions): ure c eethchlorvynol; glut de; griseofulvin; haloperidol; 
“meprobamate; oral contraceptives; paraldehyde; primidone: Ararpin: unreliable prothrombin time : 
determinations; vitamin C. 

tincreased and decreased prothrombin time responses have been reported. 

A patient may be exposed to a combination of the above factors, some of which may increase and some 
decrease his sensitivity tg COUMADIN®. Because the net effect on his prothrombin time ak may 

be unpredictable under these circumstances, more frequent laboratory monitoring is advisablp. 

Drugs not yet shown to interact or not to interact with coumarins are best He lan with suspicion, and  * 
eek ine administration is started or stopped, the prothrombin time should be determined more often 

than usual. ' 

Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tole. ' 
tamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a 

result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic activ- 
ity of prothrombinopenia. The signs and symptoms will vary according to the location and degree or 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the 
Condition of any anticoagulated patient with complaints which do not indicate an obvious diagnosis. 
Bleeding during anticoagulant therapy does not always correlate with prothrombin activity. (See TREAT- 
MENT FOR OVERDOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever, nausea, diarrhea, abdominal cramping, a syndrome called “purple toes,” hypersensitivity reac- 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 
DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation 
or clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding 
such extensive impairment as might produce spontaneous prang: Effective therapeutic levels with 
minimal complications can best be achieved in cooperative and well-instructed patients, who keep the 
doctor pe of their status between visits. COUMADIN® patient aids are available to physicians on 
request. 

The administration and dosage of COUMADIN® must be individualized for each patient according to the 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 
reflects the depression of vitamin K dependent Factors Vil, X and Il. These factors, in addition to Factor 
IX, are affected by coumarin’ anticoagulants. There are several modifications of the Quick one-stage 
Alte’ time and the physician should become familiar with the specific method used in his 
laboratory. 

Administration of COUMADIN® should be gauged according to prothrombin time determinations by a 
suitable method. The blood prothrombin time should usually be determined daily after the administra- 
tion of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time determinations should be based upon the physician's judgment 
of the patient's reliability and response to warfarin in order to maintain the individual within the thera- 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within the 
range of one to four weeks. Satisfactory levels for maintenance of therapeutic prothrombinopenia are 
1¥ to 2¥e times the normal prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). ` 


Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one 
dose only administered orally, intravenously or intramuscularly, 


Maintenance—Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of 
dosage is provided by breaking scored tablets in half. The individual dose and interval should be gauged 
by the patient's prothrombin response. 


Duration of therapy—The duration of therapy in each patient should be individualized. In general, 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery-The management of patients who undergo dental and surgical 

procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of 

anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are main- 
tained at full doses, some,patierfts may hemorrhage excessively. If it is elected to administer anticoagu- 
lants prior to, during. or immediately following dental or surgical procedures, it is recommended that 

the dosage of COUMADIN® be adjusted to maintain the prothrombin time at approximately 1% to 2 

times the control level. The operative site should be sufficiently limited to permit the effective use of 

local procedures for hemostasis including absorbable hemostatic agents, sutures, and pressure dress- 
ings if necessary. Under these conditions dental and surgical procedures may be performed without 

undue risk of hemorrhage. 

COUMADIN * with Heparin—Since a delay intervenes between the administration of the initial dose and 

the therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency 

to administer sodium heparin initially along with COUMADIN®. The initial dose of heparin and injectable 

COUMADIN * may be administered sng in the same syringe.: It should be noted that epar may 

affect the prothrombin time, and therefore, when patients are receiving both heparin and COUMADIN *, 

the blood sample for prothrombin time determination should be drawn just prior to the next heparin 

dosage, and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last 

subcutaneous injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily 

controlled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or 

parenteral administration of vitamin Kı. The appearance of microscopic hematuria, excessive menstrual 

bleeding, melena, petechiae or oozing from nicks made while shaving are early manifestations of 

hypoprothrombinemia beyond a safe and satisfactory level. 


In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN * may suffice; and if necessary, small doses of vitamin K, orally, 2.5 to 10 mg, will usually 
correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K4 in doses of 5 to 25 mg may be 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic 
States unresponsive to vitamin K+. 

Resumption of COUMADIN® administration reverses the effect of vitamin Kı, and a therapeutic 
hypoprothrombinemia level can be obtained. 

SUPPLIED Tablets: COUMADIN® (crystalline sodium warfarin). For oral use, single scored, imprinted 
numerically with potency as follows: 2 mg lavender, 2¥2 mg orange, 5 m peach, 72 mg yellow, 10 
mo, white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous 
or intramuscular use in a box of 6 units for use immediately after reconstitution. 50 mg: Unit consists 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide: 
accompanied by a 2 ml ampul Sterile Water for Injection. 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for 
intravascular injection without first having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 


&ndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 


Printed in U.S.A. 
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the field of diagnostic nuclear 


t ee 
When it comes to‘innevationin f 
medicine, you can always ; 





depend on Searle Radio- 
graphics to bring it to you. | 

And our new Gamma/Cor 
RCG Cardiac Probe is a F 
perfect example. 

Here, for the first time, is a i 
portable, minimally invasive a 
method for rapid and direct 13 
measurement of left ventricular f _ 
ejection fraction. It utilizes a a 
volumetric radionuclide tech- a 
nique right at the patient's Sg 
bedside and, unlike other ie: 
instrumentation, it provides all fer 
essential data directly on an ie 
easy-to-read strip chart. p 

The Gamma/Cor RCG 2 
Cardiac Probe is yet one more | 
example of Searle's expertise in | | 
the field of nuclear instrumen- a 
tation. And wken it comes Is 
to new dimensions in nuclear f | 


cardiology, Searle brings them f 
to you first. S 


AEA Se Pane 





SEARLE 


Searle Radiographics 
Division of Searle Diagnostics Inc. 


© 1977, GD.Searle & Co 
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Or yourself? 


Injection penicillin G benzathine is recommended 
as the method of choice* to prevent streptococcal 
infection and possible recurrence of rheumatic 
fever. One reason is that just one injection of 
1,200,000 units, once a month, usually offers 
effective and continuous prophylaxis. So there's 
no need to worry that your patient will forget to 
take a tablet every day. 


Mild to moderate group A streptococcal pharyn- 
gitis (without bacteremia) therapy is in your 
hands, too. Because a single injection (600,000 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 3 
Indications: In treatment of infections due to penicillin G-sensitive micro- 
Organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Therapy should be guided by bacteriological studies (including 
sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM penicillin 
G benzathine. 
Streptococcal infections (Group A—without bacteremia). Mild to moderate upper 
respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta. 

Medical conditions in which penicillin G benzathine therapy is indicated as 
prophylaxis: 
Rheumatic fever and/or chorea —Prophylaxis with penicillin G benzathine has proven 
effective in preventing recurrence of these conditions. It has also been used as 
followup prophylactic therapy for rheumatic heart disease and acute glomeru- 
lonephritis. 
Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) reactions 
have been reported. Anaphylaxis is more frequent following parenteral therapy but 
has occurred with oral penicillins. These reactions are more apt to occur in 
individuals with history of sensitivity to multiple allergens. Severe hypersensitivity 
reactions with cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully inquire into pre- 
vious hypersensitivity to penicillins, cephalosporins and other allergens. If allergic 
reaction occurs, discontinue drug and treat with usual agents, e.g., pressor 
amines, antihistamines and corticosteroids. k 
Precautions: Use cautiously in individuals with histories of significant allergies 
and/or asthma. 


INJ ECTION NI 
Bicillin L-A 
sterile penicillin G 


benzathine suspension 


to 900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concentrations 
for the ten days deemed necessary to eradicate 
the streptococci and preclude the initial onset 
of rheumatic fever.t 

You, more than anyone else, know the impor- 
tance of effective and continued rheumatic fever 
prophylaxis. So is there any question of whom 
you'd rather trust? 


*Rheumatic Fever Committee of the Council on Rheumatic Fever 
and Congenital Heart Disease of the American Heart Association. 


Carefully avoid intravenous or intraarterial use, or injection into or near major 
peripheral nerves or blood vessels, since such injection may produce neurovascular 
damage. 

tin streptococcal infections, therapy must be sufficient to eliminate the organism, 
otherwise the sequelae of streptococcal disease may occur. Take cultures following 
completion of treatment to determine whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
organisms including fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions (maculo- 
papular to exfoliative dermatitis), urticaria and other serum sickness-like reactions, 
laryngeal edema and anaphylaxis. Fever and eosinophilia may frequently be only 
reaction observed. Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy 
and nephropathy are infrequent and usually associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been reported. 
Composition: (units penicillin G benzathine as active ingredient in aqueous sus- 
pension): 300,000 units per ml.— 10-ml. multi-dose vial. Each ml. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. povidone, 1 mg. carboxy- 
methylcellulose, 0.5 mg. sorbitan monopalmitate, 0.5 mg. polyoxyethylene 
sorbitan monopalmitate, 1.2 mg. methylparaben and 0.14 mg. propylparaben. 

600,000 units in 1-ml. TUBEX® (sterile cartridge-needie unit) Wyeth, packages 
of 10. 

900,000 units, 1.5-ml. fill in 2-ml. TUBEX, packageg of 10. 

1,200,000 units in 2-ml. TUBEX, packages of 10, and in 2-ml. single-dose 
disposable syringe, package of 10. 

2,400,000 units in 4-ml. single-dose disposable syringe, packages of 10 

Each TUBEX or disposable syringe also contains sodium citrate buffer and, as 
w/v, approximately 0.5% lecithin, 0.6% carboxymethylcellulose, 0.6% povid®ne, 
0.1% methylparaben and 0.01% propylparaben. 


Once-a-month 
rheumatic fever 
prophylaxis. 


Wyeth Laboratories 
$ 


á Philadelphia, Pa. 19101 
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Ergonovine maleate (Ergotrate) was given to 57 patients undergoing 
coronary arteriography for investigation of angina occurring at rest or 
without provocation when routine study showed normal arteries or in- 
sufficient occlusive disease to explain their symptoms. This provocative 
test induced coronary arterial spasm in 13 patients, 10 of whom had 
definite Prinzmetal’s angina. The spasm was easily reversed with sub- 
linguaHy administered nitroglycerin. The spasm was occlusive or nearly 
occlusive in nine patients, and there was associated reproduction of the 
chest pain and S-T elevation similar to the spontaneous episodes. One 
patient with Prinzmetal’s angina had S-T depression rather than elevation 


in association with the chest pain. The other three patients without _ 


Prinzmetal’s angina had focal narrowing without coronary occlusion, 
reproduction of the chest pain or electrocardiographic changes. Of the 
44 patients who did not demonstrate coronary spasm in response to er- 
gonovine, 29 had normal coronary arteries and 15 had various degrees 
of atherosclerotic occlusive disease. We conclude that cautious admin- 
istration of ergonovine maleate during coronary arteriography can be 
safely used to elicit coronary spasm in some patients who have insufficient 
fixed occlusive disease to explain their symptoms. 


Spontaneous coronary arterial spasm during coronary arteriography, — 


with reproduction of the patient’s symptoms and electrocardiographic 
findings, has been documented and is most likely the cause of 
Prinzmetal’s angina in a substantial percentage of patients.’ 
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Prinzmetal et al.,4 in describing the syndrome in 1957, suspected that ‘ 


spasm might be the pathophysiologic mechanism of variant angina. The 
relation of spasm to Prinzmetal’s angina is even more intriguing in view 
of the observations of Guazzi et al.,5 who performed long-term hemo- 
dynamic monitoring in five patients with Prinzmetal’s angina. In 38 
recorded episodes of angina, no circulatory changes preceded pain or S-T 
segment elevation. However, once abnormalities were seen in the elec- 
trocardiogram, typical left ventricular dysfunction occurred in associ- 
ation with increases in pulmonary arterial wedge pressure. These he- 
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“4 S SER data suggest that the precipitating factor 
in Pginzmetal’s angina at rest is a transient decrease in 
a coronary blood flow, such as might occur with coronary 
spasm, ratHer than changes in myocardial work or 
3 myocardial oxygen demand during stress. 
$ _ We e as ergonovine maleate (Ergotrate®), a 
_ known vas strictor, in an attempt to induce angio- 
_ graphically visible coronary spasm in a series of patients 
-with angina occurring at rest or without provocation 
_ whose routine coronary arteriograms were normal or 
_ showed insufficient occlusive disease to cause myocar- 
_ dial ischemia. 


ee 







Methods 


' 
Patients: The 57 patients described in this report were 
. studied at two institutions, Santa Clara Valley Medical Cen- 


aE TN 


ter, San Jose and Stanford University Hospital, Stanford, 

California. Each patient was interviewed and examined by one 

_ or more of us. Accepted clinical criteria for angina were used 
i Fio categorize each patient’s chest pain as typical or atypical, 
f _ based on the character, location and response of the pain to 
= nitroglycerin rather than on precipitating factors. Patients 
= were classified as having Prinzmetal’s variant angina when 
there was documented transient S-T segment elevation in 
= association with angina occurring at rest or without provo- 
___ cation. Chest pain was also characterized as occurring at rest 
W or during exertion, or both. A resting 12 lead electrocardio- 
gram was obtained in all cases and classified as either normal 
or abnormal on the basis of absence or presence, respectively, 
ih y of S-T wave abnormalities, pathologic Q waves, left ventricular 
_ hypertrophy or left bundle branch block. Stress electrocar- 
f diography „was performed and was considered positive for 
$ -ischemia when at least 1 mm of flat or downsloping depression 



















Bees heart rate (less than 90 percent of predicted rate) was 
| achieved, or in which preexisting S-T abnormalities precluded 
analysis, were classified as inadequate. 
= _ Procedure: Informed consent was obtained from all pa- 
_ tients after a full explanation of the procedure, the risk of 
si Eroro and the potential risks of ergonovine adminis- 
w _ tration. The study had been approved by the Stanford Med- 
-ical Committee on the Use of Human Subjects in Research. 
Boro arteriograms were performed with the Sones tech- 


p Focal Coronary Spasm Induced by Ergonovine 


SM Location of Percent of Fixed Occlusions 
A - Ergonovine-Induced In Coronary Arteriogram 
_ Case Changes in S-T nn aimee abe re gee 
ee, no- Segment (f or |) °° LAD LCA RCA 
E-i Ant Î 40* 0 20 
2 Inf f 40 0 50° 
3 a 50° 50 70 
4 Inf Î 50 0 20° 
5 ay 0 30 0° 
6 Ant Î 40* 0 0 
7 = 30 0 0° 
8 Inf/Ant Î 0* 0* 20° 
9 Inf Î 0 0 0° 
10 Inf | 0 0 o 
11 Ant Î 0° 0 0 
12 Ant Î 0° 0 0 
13 Inf Î 30 0 0* 


____*Indicates location of ergonovine-induced spasm. 
_ Ant = anterior; Inf = inferior; LAD = left anterior descending coro- 
_ nary artery; LCA = left circumflex < coronary artery; RCA = right coro- 
Bray artery; | = S-T elevation; | = S-T depression. 
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nique in 40 cases, and the Judkins technique in 17. Left ven- 
triculography in the right anterior oblique projection wa$ used 
to evaluate segmental contraction abnormalities. At the * 
completion of coronary arteriography and left ventriculare 
angiography, 0.05 mg of ergonovine was administered sys- 
temically by bolus injection. The patients were monitored 
clinically and with continuous electrocardiographic lead II or 
V; for 3 minutes. If the patient remained symptom-free and 
spasm was not seen on repeat coronary arteriography, an ad- 
ditional 0.10 mg and then 0.15 mg of ergonovine was given, 
each dose followed by arteriography 3 minutes later. If chest 
pain occurred, with or without S-T segment elevation, arte- 
riography was performed immediately. Nitroglycerin was 
administered sublingually or systemically to reverse the spasm 
after its angiographic demonstration. Arteriography was then 
repeated to confirm reversal of the spasm. 


Results 

Patient Data 

Focal coronary spasm was demonstrated during ad- 
ministration of ergonovine maleate in 13 of the 57 pa- 
tients (Group 1); it was not observed in 44 patients 
(Group 2). Thirty-nine patients were women; 18 were 
men. Their ages ranged from 32 to 68 years (average 50.2 
years in Group 1 and 51.5 years in Group 2). A history 
of chest pain compatible with typical angina pectoris 
was present in 22 patients; atypical chest pain, primarily 
angina at rest, was present in 35. In all patients ad- 
ministration of ergonovine induced detectable gener- 
alized diminution of caliber of all coronary vessels. 
Approximately 12 percent of the patients had a 10 to 15 
mm increase in aortic pressure after administration of 
ergonovine. One third of the patients complained of 
mild transient nausea. There were no serious compli- 
cations of the procedure, and the ergonovine-induced 
spasm was reversed with sublingual or intravenous 
administration of nitroglycerin as discussed later. 


Group 1: Focal Coronary Arterial Spasm (Table 1) 


Ergonovine maleate induced focal coronary arterial 
spasm in 13 patients, occlusive or near occlusive spasm 
in 10 and nonocclusive spasm in 3. Eleven of the 13 pa- 
tients had a typical distribution of the ischemic chest 
pain, 8 with angina occurring only at rest and 3 with 
angina both at rest and on exertion. The remaining two 
patients had atypical distribution of the chest pain; one 
experienced pain only at rest, the other at rest and with 
exertion. The electrocardiogram was normal in 11 of the 
13 patients; the exercise test was positive in 4 of the 9 
patients who had an adequate study. Two patients had 
had a previous myocardial infarction. 

Table I indicates the location of the coronary spasm, 
of the associated electrocardiographic changes and of 
the fixed occlusive lesions detected in the coronary ar- 
teriogram obtained before administration of ergonovine. 
The left ventricular angiogram was normal in all 13 
patients. Patients 3, 5 and 7 had focal coronary nar- 
rowing (50 to 70 percent) without associated electro- 
cardiographic abnormalities or chest pain. The other 
10 patients all had reproduction of their typical chest 
pain and electrocardiographic changes during the er- 
gonovine spasm, although one patient demonstrated 
S-T depression rather than elevation. Two case histories’ _ 
demonstrate common features of this group: 
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Case 1: A 38 year old woman experienced the abrupt onset 


z A: oppressive pain in the precordium and left arm that lasted 
i . 


41 hour. The pain was relieved with nitroglycerin. Electrocar- 
diograms showed S-T segment elevation in leads V; through 
V4 with reciprocal changes in the inferior leads during the 
episode of pain. A typical uncomplicated anteroseptal in- 
farction evolved as assessed with electrocardiographic and 
serum enzyme criteria. After hospital discharge, the patient 
had frequent nocturnal episodes of angina that generally oc- 
curred between 2:00 and 6:00 AM. Coronary arteriograms 
showed 40 percent narrowing of the proximal left anterior 
descending coronary artery (Fig. 1A) and a focal area of 20 
percent narrowing in the mid right coronary artery. Left 
ventriculography documented anterior and apical hypokinesia 
indicative of previous myocardial scarring. After 0.1 mg of 
ergonovine was administered intravenously, the patient ex- 
perienced typical chest pain, and a monitored V5 lead showed 
progressive S-T elevation (Fig. 2). Angiography demonstrated 
that the left anterior descending coronary artery was now 
completely occluded at the site of previous modest narrowing 
(Fig. 1B); the right and left circumflex coronary arteries were 





roan 


FIGURE 1. Case 1. Left coronary arteriograms in right anterior oblique 
projection. A, showing mild narrowing of proximal left anterior de- 
scending coronary artery. B, showing, after administration of ergono- 
vine, complete occlusion of the proximal left anterior descending artery 
that was easily reversed with nitroglycerin. 
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unchanged in caliber. Sublingual administration of nite 
glycerin promptly relieved the discomfort, and the S-T seg- 
ment elevation reverted to baselineVvalues. Repeat coronary 
injection showed reversal of the spasm and unimpeded flow 
through the left anterior descending coronary artery,similar 
to that in the pre-ergonovine study. The patient has done well 
for 18 months on a regimen of long-acting vasodilators. 


Case 2: Two weeks before admission, a 44 year old woman 
began to awaken nightly between 3:00 and 4:00 AM with se- 
vere chest pain radiating to the left arm and neck and lasting 
for 5 to 10 minutes. She denied effort-induced chest pain. 
During a severe prolonged episode of pain an electrocardio- 
gram showed 6 mm S-T elevation in leads II, III and aVF. 
There was complete resolution of the pain and S-T elevation 
after sublingual administration of nitroglygerin. Coronary 
arteriography demonstrated 1 mm tubular 40 percent nar- 
rowing in the mid left anterior descending coronary artery, 
and 50 percent narrowing of the proximal right coronary ar- 
tery. Ergonovine, 0.1 mg intravenously, precipitated the pa- 
tient’s symptoms and S-T segment elevations in leads II, III 
and aVF. Repeat injections demonstrated complete occlusion 
of the right coronary artery at the point of previous narrowing. 
The occlusion was completely reversed with administration 
of nitroglycerin. After 16 months of follow-up study, the pa- 
tient continues to have occasional mild episodes of chest pain 
requiring nitroglycerin but no other therapy. 


Three patients in this group demonstrated coronary 
spasm of questionable significance (Patients 3, 5 and 7). 
None of the three had chest pain or S-T segment 
changes spontaneously or in association with the ergo- 
novine-induced spasm, which was nonocclusive. Patient 
7 demonstrates the typical features of this group. 

Case 7: A 50 year old woman presented with intermittent 


sharp left submammary pain of several months’ duration. The 
physical examination and electrocardiogram were normal. A 


treadmill exercise test, stopped after 2 minutes because of _ 


fatigue at a heart rate of 145 beats/min, showed no definite 
ischemic abnormalities. Routine coronary arteriography 
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FIGURE 2. Case 1. Electrocardiographic strips of lead Vs during pro- 
gressive development of chest pain associated with the ergonovine- 
induced spasm of the left anterior descending coronary artery. 
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a Monstat 40 percent narrowing of the mid right coronary 
` artery. After administration of a total.of 0.2 mg of ergonovine 
malettte, this narrowing increased to approximately 70 per- 
cent. The patient experienced no chest pain and had no 
electrocardiographic ghanges. She has done well without 

_ thewapy. 
R 


_ Group 2: No Fecal Coronary Arterial Spasm 


In 44 patients, no localized coronary spasm was in- 
duced with administration of ergonovine maleate al- 
E thous a generalized diminution in caliber of all coro- 
| nary arteries was generally seen. This group consisted 
_ of 17 men and 27 women aged 35 to 66 years. The resting 
f electrocardiogram was normal in 18 and abnormal in 26. 

„Among the 30 patients who had adequate exercise 
Po; testing, the test was negative i in 23, borderline in 1 and 
positive for ischemia in 6. Twenty-nine patients had a 
history of exertional angina and three had had a previ- 
-ous myocardial infarction. The coronary arteriogram 
was entirely normal in 29 patients. The other 15 patients 
f had various degrees of fixed occlusive disease, with 50 
E to 80 percent narrowing of the left anterior descending 


TS 
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coronary artery in 7 patients, the left circumflex artery 
in 3 patients and of the right coronary artery in 1 pa- 
_ tient. Three patients had three vessel disease. Two pa- 
_ tients (Cases 48 and 41) who had negative ergonovine 
tests were of interest: 






_ during recurrent chest pain at rest, which responded to ni- 
~ troglycerin. Coronary arteriography documented 50 percent 
| narrowing*of the left main coronary artery and 90 and 70 
È percent lesions of the proximal and mid, respectively, left 
E anterior descending coronary artery. However, no spasm or 
chest pain was elicited after a total of 0.2 mg of ergonovine was 

_ administered. 


Case 41: This patient experienced spontaneous pain and 

_ had S-T segment elevation during coronary arteriography, 

_ which documented an extensive 70 percent occlusion of the 

_ left anterior descending coronary artery and 30 percent nar- 

EA rowing of the right coronary artery during pain, with complete 

iry resolution of all narrowings after administration of nitro- 

edo Repeat coronary arteriograms approximately 10 to 

ea minutes later after two doses of 0.1 mg ergonovine failed 

to elicit spasm, presumably because of the previous treatment 
with nitroglycerin. 
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Discussion 


_ Our data confirm the occygrence of coronary arterial 
_ spasm in patients with normal or minimally occlusive 
_ lesions of the coronary arteries. We used the drug er- 
| gonovine maleate (Ergotrate) for the controlled elici- 
tation of spasm during arteriography in patients whose 
E spasm did not occur spontaneously but was suspected 
= as a cause for the pain at rest. Ergonovine-induced 
7 spasm was immediately reversed with nitroglycerin in 






every instance. Two groups of patients were delineated. 
_ The first group had focal severe narrowing or total oc- 
| clusion of a coronary artery after administration of er- 
E gonovine. The second group had only a generalized 
E diminution in caliber of the coronary arteries. This 
E second group was characterized clinically as having 

predominantly an “atypical” chest pain syndrome oc- 
f curring either at rest or during exercise. Only one of the 


E 
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patients had the electrôcardiographic features of f 


Prinzmetal’s angina. Ten of the 13 patients in Group 1 / 
with provoked focal spasm had typical clinical and 4 ` 
electrocardiographic features of Prinzmetal’s angina.e 
Spontaneous coronary arterial spasm has been doc- 
umented by others during coronary arteriography in 
patients of both sexes with Prinzmetal’s angina. Al- 
though the right coronary artery is most frequently in- 
volved, the left system may be involved as well. Spon- 
taneous spasm has been seen in arteries distal to ath- 
erosclerotic narrowing% and in radiographically 
normal vessels.”:° Spasm has occurred in the proximal, 
mid and distal right coronary arteries in each instance, 
eliciting indistinguishable clinical features of 
Prinzmetal’s angina. The 13 patients in our series with 
ergonovine-induced spasm tended to have similar fea- 
tures. Eleven of the 13 were women, and all were mid- 
dle-aged. Spasm occurred in the right coronary artery 
in seven, the left anterior descending coronary artery 
in five and both of these arteries in one. In all instances 
the sites of spasm occurred at an area of fixed irregu- 
larity or minimal atherosclerotic narrowing. 
Documented previous myocardial infarction in two 
patients with ergonovine-induced spasm (Cases 1 and 
6) is of considerable interest in light of the increasing 
number of reports of myocardial infarction in patients 
with normal coronary arteries.®.9-!! The electrocardio- 
graphic and angiographic area of infarction in our two 
patients was in the distribution of the coronary arteries 
that later were shown to have occlusive spasm after the 
administratign of ergonovine. Welch et al.!? stated that 
11 of 46 women under the age of 50 years who had 
electrocardiographic evidence of infarction had angio- 
graphically normal coronary arteries. Hence, our data 
add to the evidence that coronary spasm may cause 


.myocardial infarction in patients with an otherwise 


normal coronary arteriogram. 

Relation of coronary spasm to Prinzmetal’s an- 
gina and atypical chest pain: Clearly, spontaneous 
coronary spasm is responsible for some cases of 
Prinzmetal’s angina, particularly in patients in whom 
significant coronary artery disease cannot be found. In 
9 of our 10 cases of proved or strongly suspected 
Prinzmetal’s angina, ergonovine elicited coronary 
spasm. That all attacks of Prinzmetal’s angina do not 
have a spastic origin is suggested by the one patient in 
our series who did not respond to ergonovine. In addi- 
tion, more than half of a larger group of patients with 
Prinzmetal’s variant angina had severe occlusive coro- 
nary artery disease.!* Ergonovine was not administered 
to that group of patients. 

Spasm of uncertain clinical significance was observed 
in only one (Case 5) of our 35 patients with pain that was 
clinically thought to be atypical for myocardial isch- 
emia. Therefore, on the basis of the response of these 
patients to ergonovine, it appears unlikely from our data 
that the syndrome of atypical chest pain and normal 
coronary arteries is due to spontaneous spasm of the 
large epicardial coronary arteries. 

Method of action of ergonovine-induced spasm: 
The ergot alkaloids have been shown to (1) cause vaso- 
constriction through alpha receptors by a direct effect - 
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\ on arterial smooth muscle, (2) produce a significant 


* \alpha-adrenergic blocking activity when given in large 


E, 


doses, and (3) have a potent vasoconstrictive effect. 1415 
The action of these drugs on the intact and integrated 
human cardiovascular system is complex. Ergonovine 
given intravenously quickly causes a reduction in fore- 
arm compliance and may elevate the central venous 
pressure within 30 to 60 minutes.!° The increase in 
preload could theoretically worsen angina in patients 
with atherosclerotic coronary artery disease, but this 
effect is rather delayed. In some patients there is a slight 
slowing of the pulse rate and a slight increase in blood 
pressure!4 although there may be no change in either 
of these variables. We have used ergonovine rather than 
ergotamine because of its less potent vasoconstrictive 
properties. Stein and Weinstein,!® studying the effect 
of ergonovine on the coronary circulation, found no 
consistent change in blood pressure or pulse rate in 30 
persons given 0.2 to 0.6 mg of ergonovine intravenously. 
Their finding is similar to our observation that an in- 
crease of 10 to 15 mm Hg in systolic blood pressure oc- 
curred in only a few patients. 

Studies during the 1950’s!*-!7 showed that the ergot 
alkaloids could induce angina in susceptible persons 
with coronary artery disease. When 15 patients with the 
diagnosis of angina and 15 control subjects were given 
0.2 to 0.6 mg of ergonovine intravenously, pain was in- 
duced in 2 to 12 minutes in all but one of the 15 patients 
with angina, and most demonstrated S-T depression of 
1 mm or more. None of the 15 had S-T segment eleva- 
tion. In 10 patients, nitroglycerin nullified or greatly 
ameliorated the effects of ergonovine given at the same 
time, an observation reminiscent of our Patient 41, who 
did not show spasm with ergonovine after pretreatment 
with nitroglycerin. None of the 15 control subjects had 


chest pain or electrocardiographic changes. There was - 


no change in pulse rate or blood pressure after ergono- 
vine; hence, it is difficult to implicate increases in car- 
diac oxygen requirements as the cause of angina in these 
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patients, and the presence of coronary Vanooonstrictia 
in these patients is suggested’as well. Scherf et al.!’ gave 
0.5 to 1.0 mg of ergotamine tarfrate or Ahde 
amine to 19 patients with organic heart disease; in 5 





patients, all with severe heart disease (increasingangiņa, 


severe hypertension or congestive heart failure alone or ~ 4 


in combination), prolonged angina developed and one 
patient died. 


The cause of coronary spasm remains unknown. We | 


have shown that ergonovine, a known vasoconstrictor _ 


acting directly upon arterial smooth muscle, elicits — 
marked focal vasoconstriction in the coronary arteries — 
of patients who are clinically suspected of being prone ~ 
to have spontaneous spasm. This effect is probably a _ 
direct action upon the arterial wall, as deduced from the _ 
properties of ergonovine. In our patients, the spasm _ 
generally occurred at the site of minimal arterial nar- 


rowing, thus suggesting that in some way this intimal a 


disease alters the vasomotor tone responsiveness of an _ 


overlying segment of arterial media. The impressive 
preponderance of ergonovine-induced spasm in women 


and the influences of cigarette smoking are unex- — 


plained. 


Clinical implications: It appears on the basis of our 


experience with 57 patients that cautious administra- G 
tion of sequential intravenous doses of 0.05, 0.1 and 0.25 
mg of ergonovine during coronary arteriography can be $ 


used safely to elicit coronary spasm in patients sus- _ i 


pected on clinical grounds of having Prinzmetal’s angina | 


or angina at rest due to coronary arterial spasm. Re- 


production of the patient’s chest pain and S-F segment — 


shift in conjunction with the spasm provided confir- 


matory (but not conclusive) evidence of the cause of the _ q 


patient’s angina. Nitroglycerin has invariably relieved 
the spasm, as confirmed with repeat arteriography. In 
view of its potentially harmful effects, ergonovine ma- 
leate must be administered with informed consent and 


with caution until further experience is gained withits 


use during arteriography. 
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Isolated junctional S-T depression induced during treadmill exercise testing 
was correlated with coronary arteriographic findings in 230 patients. Of 
75 patients with junctional depression of less than 1.5 mm, 10 had 50 
percent or greater stenosis of at least one major coronary artery and 2 
patients (3 percent) had multivessel disease. Of 42 with junctional de- 
pression of 1.5 mm or more and a rapid upsloping S-T segment, 23 had 
50 percent or greater coronary stenosis and 12 of these had multivessel 
disease. Of 35 with an upsloping pattern (junctional depression of more 
than 2 mm, upsloping S-T segment depressed 2 mm or more, 0.08 second 
after the J point), 33 (94 percent) had 50 percent or greater coronary 
stenosis compared with 46 (96 percent) and 30 (97 percent) with 2 mm 
or more junctional depression and a horizontal or downsloping S-T seg- 
ment. In conclusion, multivessel disease is rare with isolated exercise- 
induced junctional depression of less than 1.5 mm but common when the 
J point is depressed 1.5 mm or more. Junctional depression of more than 
2 mm is associated with the samé incidence of coronary disease when 
the S-T segment is slowly ascending (upsloping pattern) as when it is 
horizontal. 


The diagnosis of coronary artery disease is often made from a typical 
clinical history and the results of a graded exercise test. Variations in 
the reported sensitivity and specificity of an exercise test may depend 
on the use of different types of exercise! and lead configurations and 
the acceptance of different criteria for a positive test both for the exercise 
electrocardiogram and for the coronary angiogram or the clinical end 
point indicative of coronary disease.?-!9 A common problem encountered 
in interpreting an exercise electrocardiogram is the significance of 
junctional S-T depression. In this study, we examined various degrees 
of exercise-induced junctional depression in 230 patients referred to this 


° institution for coronary arteriography. 


Material and Methods 


Patients: The subjects for this prospective study were patients with suspected 
coronary artery disease referred to this institution for coronary arteriography 
between August 1974 and August 1975. Patients were excluded if they had val- 
vular heart disease, left ventricular hypertrophy, bundle branch block, cardio- 
myopathy, resting ST-T wave abnormalities, Wolff-Parkinson-White syndrome 
or had been taking digitalis within 2 weeks or cardiac medications other than 
nitroglycerin within 48 hours of the exercise test. Patients having 1 to 1.9mm 
of junctional S-T depression and a horizontal or downsloping S-T segment, 0.08 
second after the J point were also excluded because the sensitivity and specificity 
of this electrocardiographic pattern have been extensively reported. !:34,10,11,15,19 
There were 230 patients; 177 were men and 53 women; their mean age was 48 
(range 25 to 63) years. The average of four consecutive electrocardiographic 
complexes that showed the greatest changes during or after exercise was deter- 
mined. The baseline from which observed changes were measured was taken from: 
a line joining two consecutive P-Q intervals. Š 
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-° FIGURE 1. Types of junctional depression: 
. normal! (N.L.), junctional depression of 1.5 to 

1.9 mm (J 1.5) and Isolated junctional de= 12.0 
pression of 2 mm or more (J 2.0). The left 
electrocardiographic complex Illustrates these +1.0 
three categories. In each of the three, the S-T 
segment is less than 2 mm from the baseline, 
0.08 second after the J point. The right elec- 7 
trocardlographic complex (enlarged) ‘shows 

. how isolated junctional depression of 2 mm or 2.0 
more differs from upstoping; the upsloping S-T 
segment remalns depressed 2 mm or more, 
0.08 second after the J point. 


Six electrocardiographic patterns studied (Fig. 1): 
Junctional S-T depression of up to 1.4 mm was arbitrarily 
accepted as a normal response to severe exercise and was 
present in 75 patients (normal group). Isolated junctional 
depression of 1.5 mm to less than 2 mm and of 2 mm or more 
with an upsloping S-T segment as the only electrocardio- 
graphic abnormality were observed in 22 and 20 patients, re- 
spectively. Upsloping, defined as junctional depression of 
more than 2 mm associated with an upsloping S-T segment 
depressed 2 mm or more, 0.08 second after the J point, oc- 
curred in 35 patients, Forty-seven patients had junctional 
depression of 2 mm or more and a horizontal S-T segment, 
0.08 second after the J point (horizontal pattern) and 31 had 
junctional depression of 2 mm or more and a downsloping S-T 
segment (downsloping pattern). Patients with junctional 
depression during exercise and an “ischemic” response in the 
recovery period were classified in the latter category. 

Treadmill exercise test: All patients exercised in a fasting 
state 1 day before cardiac catheterization. Upright exercise 
on a motor-driven treadmill was performed according to a 

„modified Bruce protocol” using a 3 minute warm-up period 
at 1.7 miles/hour and a 5 percent grade. A bipolar precordial 


lead (CMs) was monitored continuously and recorded each - 


minute during and for 5 minutes after exercise. Cuff blood 
pressure measurements were obtained each minute 
throughout the test. Exercise was continued until excessive 
fatigue, hypotension, dyspnea, angina, dizziness, a significant 
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FIGURE 2. Incidence of coronary artery disease 
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arrhythmia or horizontal or downsloping S-T segment de- 
pression of 3 mm was observed. In the absence of ischemic 
changes exercise was continued to at least 85 percent of the 
maximal age-predicted heart rate.?! . 

Cardiac catheterization procedure: Coronary arteriog- 
raphy was performed 1 day after the exercise test using a 
percutaneous transfemoral approach as previously de- 
scribed.?? Selective.coronary arteriography was performed in 
four to six projections with special angulation views as pre- 
viously described.?3 Each arteriogram was interpreted by an 
experienced cardiovascular radiologist without knowledge of 
the exercise test results. A significant coronary lesion was 
defined as (1) an intraluminal stenosis of 50 percent or more, 
or (2) an intraluminal stenosis of 75 percent or more in a major 
coronary artery. Proximal stenosis of a large marginal branch 
of the circumflex artery was considered stenosis of the cir- 
cumflex artery. Coronary stenoses of less than 50 percent were 
not considered significant lesions. _ 

The incidence of arteriographic findings in the five elec- 
trocardiographic groups with junctional depression was 
compared with that of the normal group with use of a chi- 
square test. 


- Results 
Of 230 patients, 88 had normal coronary arteriograms 


and 142 had an intraluminal stenosis of 50 percent or 
more in a major coronary artery; 127 of the 142 patients 
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Hed 42 years, O ` © BLL 57 years O 


he eee _ Prox. LAD 95% Prox. LAD 90% 
fe _ st diag. 30% 1% diag. 60 % 
c Dominans: -. Right l Right 
' Ao pressure (mm Hg}: 110/80 62 
LVEDP (mmHgk © 12 o 8 
Ejection fraction: “056 - l 0.52 : 


had stenosis of 75: ‘percent or more. . There were 102 pa- 
tients with stenosis of 50 percent or more in at least two 
‘major vessels. Resting electrocardiographic evidence of 


` : False: negative and equivocal tests (cM 5 LEAD) 
J20 





myocardial infarction occurred i in'19 cases (inferior in. 


` 13 and anterior in 6). - 


Electrocardiographic pattern and iedee of - 


coronary disease (stenosis of 50 percent or more) 
(Fig. 2): Ten patients (13 percent) with a normal elec- 
trocardiographic pattern had cororiary stenosis of 50 
epee or more. The incidence of disease increased with 
. the degree of junctional depression and the configura- 
| tion of the S-T segment. Isolated junctional depression 


of 1.5 mm or more and of 2mm or more.was associated: 


with disease in 11 patients (50 percent) and 12 patients 
(60 percent), respectively. - 


When junctional depression | was more than 2 mm and. 


an upsloping pattern was observed, 33 (94 percent) had 
coronary disease: compared with 46 (96 percent) witha 


UPSLOPING 


Q. R. 59 years O 


FIGURE 3. Three examples of. a normal’ or 


Prox. RCA 60 % equivocal test (junctional depression of 1:5 
Mid. LAD 85% . mm-or more [J 1.5] and of 2 mm or more [J2]) 
hes In the presence of signlflcant stenosis ‘of the 
Balanced ` léft anterlor descending coronary artery (LAD). - 

i in these three patients the exercise test did not 

116/62. detect signlflcant coronary. lesions. Ao = 

i ; aortic; diag. = dlagonal; LVEDP = left ven- 
16 . : tricular end-diastolic pressure; Mid. = middle; 
os "Prox. = a ial RCA = 7 riot coronary àr- 
= Pe tery. f 


horizontal and 30 (97 percent) with à downsloping S-T ' 
segment. i 

Electrocardiographic pattern and tusidenee of 
coronary disease (stenosis of 75 percent or more) 
(Fig. 2): When the electrocardiographic patterns of the. 
230 patients were analyzed using an intraluminal ste- 
nosis of 75 percent or more as indicative of significant 
disease, 7 patients (9 percent) with a normal electro- 
cardiographic pattern had coronary stenosis of 75 per- 


cent or more. Isolated junctional depressions of 1.5mm __ - 


or more and of 2’mm or more were associated with dis- 
~ ease in eight patients (35 percent) and seven patients 
(35.percent), respectively. 
` Junctional depression of 2 mm or more and an ùp- 
sloping pattern was associated with disease in 31 pa- ` 
‘tients (89 percent) compared with 45 (95 percent) with: 
a horizontal S-T segment and 29 eo percent) with a 
downsloping S-T segment. 
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False pasive tests (cm5 LEAD) 


HORIZONTAL : 
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T.C. 52 years Q 


i : Prox. RCA 20% ` Mid. RCA 10%., : ` 
`. Coronary arteriogram: _ Prox. LAD 10 % Mid. LAD 10% i 
` Mid. LAD 10 % 
Dorninance: Balanced ` Right 
Ao pressure (mm Hg): 126/90 142/80 v ai : ae 
‘ i g - FIGURE 4. Two examples of a false positive exercise test 
. LVEDP (mm Hg) : 6 10 in two men without significant coronary disease. The 
' ; usual Causes for a positive exercise test were not present 
Ejection fraction: 2 0.56 {see methods). Abbreviated as In Figure 3. 
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` FIGURE 5. Incidence of multivessel disease assock j 
'ated with each exercise electrocerdiographic Ecaj 
l pattern. E 
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The incidence of coronary disease was significantly 


greater (P <0.05) in patients with upsloping, horizontal 
and downsloping patterns than in those with-an isolated 


junctional or normal pattern. Examples of false negative ` 


and equivocal responses (isolated junctional depression 


Figure:3. Examples of a false positive upsloping and 


horizontal pattern are shown in Figure 4. 
Electrocardiographic pattern and ineidencé of 
multivessel disease (Fig. 5): Multivessel lesions of 50 


percent or more were seen in two patients (3 percent) . 


-I 95% confidence limis ~ 
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coronary artery were seen in io sateni (3 percent) in 


the normal group, two (9 percent) with junctional de- 
pression-of 1.5 mm or more and three (15 percent) with 


- isolated junctional depression of 2 mm or more. The 


`- incidence increased in the groups with an upsloping (16; 


‘of 1.5 mm or more and 2 mm or more) are shown in ° 


46 percent), horizontal (34; 72 percent) or downsloping 


(24; 77 percent) pattern. The difference in incidence of 


in the normal group, four patients (18 percent) with _ 
junctional depression of 1.5 mm or more and eight pa- | 


tients (40 percent) with isolated junctional depression 


of 2 mm or more. The incidence increased in patients’ - 


with an upsloping- (21; 60 percent), horizontal (38; 81 


pee) or downsloping (29; 94 percent) S-T pattern, 


_ Pig. 5 


Multivessel stenoses of 50 percent or more a with at 
least one stenosis greater than 75 percent in a major 


TABLE | 


coronary disease between the groups with an upsloping 
or downsloping pattern is significant (P <0.05). 
-Electrocardiographic pattern and single vessel 
disease (Table I): There were 32 patients with single 
veisel stenosis of 50 percent or more. Of six patients 
with stenosis of.a dominant right coronary artery, two 
had a normal exercise electrocardiographic pattern, 


_ three had an equivocal pattern (isolated junctional 


depression of 1.5 mm or more or 2 mm or more) and one 
patient had 2 mm horizontal S-T depression. Of 23 
patients with isolated stenosis (more than 50 percent) 
of the left anterior descending coronary artery, 6 had a 


normal exercise pattern and 3 had isolated AGORA 


Exercise Electrocardlographic Patterns in Patients With h Single Woes Disease in Relation to Severity of Stenosis* 


` Isolated Coronary Stenosis of 50% or More 


left amerlor ee ng coronary may ied left circumflex artery; R 
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[ee Of the 14 Sen responses, the pattern 
was upsloping in 10 and horizontal in 4. 

Of the’32 patients with single vessel stenosis of 50 
percerit or more, 24 had isolated coronary stenosis of 75 
percent or more. Of five patients with stenosis of the 
right coronary artery, one had a normal exercise elec- 
trocardiogramn, three had an equivocal pattern and one 
had.2 mm horizontal S-T depression. Of 18 patients 
with an isolated left anterior descending stenosis of 75 
percent or more, 4 had a normal exercise electrocar- 
diographic pattern, 2 had isolated junctional depression 
and 12 had a positive S-T response. Of the 12 positive 
S-T responses, the pattern was upsloping in 8:and hor- 
izontal in 4. Of, the four patients with a normal exercise 
electrocardiggraphic pattern and a proximal stenosis 
of the left anterior descending coronary artery of 75 
percent or-more, one had a previous anteroseptal myo- 
cardial infarction. There was no obvious reason why the 


remaining three patients had a false negative response . 


(Fig. 4). 

‘Electrocardiographic pattern and left main 
coronary disease: Of 230 patients, 12 had a left main 
coronary stenosis of 50 percent or more; in 5 of the 12 
the stenosis was 75 percent or more. Each of the 12 had 
an exercise electrocardiographic pattern consistent with 
ischemia. There were no normal or equivocal patterns 
in this group of patients. 


Discussion 


Junctidnal depression is a 2 frequent electrocardio- 
graphic finding during graded exercise testing. This 
pattern may be the precursor: of a positive test during 
exercise or in the recovery period; occasionally it is the 
only electrocardiographic finding during the test. The 
significance of isolated junctional depression is not well 
known. We have studied the incidence of coronary 
disease associated with various degrees of junctional 
depression in a population with a large prevalence of 
coronary disease. Our population was highly selected 
because all patients were suspected of having coronary 
disease and were referred for coronary arteriography, 
and we eliminated patients with resting abnormal ST-T 
wave changes in the resting electrocardiogram. 

Significance of a normal electrocardiographic 
pattern: Junctional depression up to 1.4°mm with an 
upsloping S-T segment wasearbitrarily accepted as a 
normal response during severe exercise. In this group 
of 75 patients, there were 10 false negative results for 
coronary stenosis of 50 percent or more; 7 of the 10 had 
stenosis of 75 percent or more. Single vessel disease was 
predominant among the patients with a false negative 
response; only 2 of the 75 (3 percent) had multivessel 
disease. Isolated lesions in the right or left circumflex 
coronary artery have been reported to be a common 
cause of false negative tests.74 Our results confirm this 
finding. The incidence of positive tests was smaller (1 


of 6) in patients with isolated right coronary disease and - 


greater (14 of 23) in those with isolated left anterior 
descending stenosis. It is clear, however, that a negative 
test does not rule out significant stenosis of the proximal 


left anterior descending coronary artery. Six of our pa- 
tients with a normal electrocardiographic patterh with / 
exercise had a coronary lesion of 50 percent or'more and 
four of the six had a proximal left anterior descending 
coronary arterial stenosis of 75.percent or more. 
Significance of isolated junctional depression: 
Junctional depression of 1.5 mm or more and a rapid 
upsloping S-T segment that is, S-T segment less than 
2 mm from the baseline, 0.08 second after the J point, 
was associated with a 50 to 70 percent incidence rate of 
coronary stenosis of 50 percent or more. This incidence 
rate was similar to the prevalence of disease in the entire 
population. Multivessel disease was present in 18 to 40 
percent of these cases. It is clear that this type of elec- 
trocardiographic pattern cannot be used to predict re- 


` “Hably the presence or absence of significant coronary 


disease. It is. not clear why patients with significant - 
stenoses may show only-junctional depression during: 


- an exercise test. The majority of our patients with 


junctional depression (37 of 42) had a significant stress 
with 37 and 5 patients, respectively, reaching 95 percent 
of their maximal age-predicted heart rate.2! The sen- 
sitivity of an exercise test can be improved by 11 percent 
if multiple leads are used as opposed to a single CMs 


‘lead.? Our study was performed with a bipolar CMs lead. 


It is possible that in certain patients the ischemic vector 
produces isolated junctional changes in the CMs lead: 
and a slow upsloping, horizontal or downsloping S-T 
segment pattern in other leads. Further studies are re- 
quired to clarify this problem. 

Significance of a slow upsloping pattern: An in- 
creased incidence of coronary events in 124 patients 
with J point depression of 2 mm or more and an S-T 
segment remaining depressed 2 mm at 0.08 second after 


. the J point has been reported.” In our series of 35 pa- 
-tients with this upsloping pattern, 33 (94 percent) had 
_ a coronary stenosis of 50 percert or more and 21 (60 


percent) had multivessel disease. The incidence of 


. disease was similar to that seen in patients with a hori- 


zontal and downsloping S-T segment although multi- - 
vessel disease was less frequent (P <0.05) in the group 


-with an upsloping pattern. The greatest incidence of 


disease was seen in patients with exercise-induced 
junctional depression of 2 mm and a downsloping S-T 


- segment. Other investigators+?6 have reported this 


finding, and this group has also been shown to have 
more severe coronary disease. 
Upsloping changes in the CM; lead may be associated 


- with horizontal or downsloping S-T segment changes 


in other simultaneously registered leads: If a multiple 
lead system is used, the predictive value of a slow up- 
sloping S-T segment as the only electrocardiographic 
abnormality observed should be determined for that 
lead system. It is clear that a slow upsloping pattern in 
the CM; lead is associated with a large incidence of 
coronary disease. 

The small incidence of false positive results in our 
series (6, 4 and 3 percent in the upsloping, horizontal 
and downsloping patterns, respectively) is explained by 


- (1) the use of 2 mm as an ischemic index, (2) the exclu- 


sion of patients who were taking digitalis or had left . 
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ventricular hypertrophy, seating ST- T wave changes, 


and (3) the large prevalence of coronaty disease i in the 
population evaluated. 

The predictive value of a graded exercise test: 

This is based on its sensitivity and specificity, which in 


turn are dependent on the prevalence of coronary dis~ 


ease in the population studied.?”.28 Froelicher,? Borer15 
and Erikssen”? and their coworkers have shown quite 


convincingly that the predictive value of a positive ex- . 


ercise test for coronary disease in an asymptomatic 
population is substantially less than that which would 
be expected based on statistics from a population 
undergoing coronary arteriography for suspected cor- 
onary disease. The patients in our study were symp- 
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~" tomatic, and the incidence of coronary disease-observed 


with different patterns of junctional depression can be 
extrapolated only to symptomatic patients. 
Conclusion: We conclude that exercise-induced 
junctional depression of less than 1.5 mm is rarelyas- 
sociated with multivessel disease. Junctional depression 
of 1.5 mm or more may or may not be associated with 
significant coronary disease and should be interpreted 
as an equivocal result. Junctional depression of more 
than 2 mm with an upsloping S-T segment depressed 
2 mm from the baseline at 0.08 second after the J point 
is associated with a large incidence of coronary disease 
and should be accepted as a positive criterion for exer- 
cise testing. . 
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K 


Symptomatic myocardial Infarction without chest pain was Identified In 
26 of 102 patients (25.5 percent) admitted to the hospital with acute 
myocardial Infarction. As a group, these patients had a significantly lesser . 
prevalence of a history of angina (P <0.05) and cigarette smoking (P 
<0.01). Thelr mean age was 69.1 years compared with 58.7 years for 
patients with chest paln (P <0.001). The group had a significantly greater 
median delay between the onset of symptoms and (1): arrival at the 
hospital (P <0.05), (2) examination by a physician In the emergency room 
(P <0.05), (3) diagnosis of possible myocardial infarction (P <0.001), 
and (4) transfer from the emergency room to the Intensive care unit (P 
<0.001). They had significantly higher admission values for mean heart 
rate, respiratory rate, temperature and white blood cell count and more 
frequent In-hospital complications of pneumonia (P <0.001) and car- 
diogenic shock (P <0.05). Mortality In the group was 50 percent com- 
pared with 18 percent In the group with chest pain (P <0.05). Discriminant 
function analysis identified an at-risk population with 80 percent rell- 


_ ability. 


. 


Atypical symptoms may account for a large percentage of all clinical. ` 


presentations of symptomatic myocardial infarction! but the fate of. 
patients with such symptoms is not known. The purpose of this inves- - 
tigation was to determine the prevalence of this disorder and the clinical 


characteristics, hospital course and prognosis of the involved group. 


Methods and Materlals 


Patients: One hundred two consecutive case records of patients who prasented 
with an acute myocardial infarction to the Boston City Hospital from July 1, 


‘1973 to June 30, 1974 were studied retrospectively. Criteria for acute infarction 


were (1) confirmatory electrocardiogram (development of new Q waves with 
evolutionary ST-T changes); (2) i in the absence of diagnostic electrocardiographic 
changes, a two-fold or greater increase in serum creatine kinase (CK), glutamic 
oxaloacetic transaminase (GOT) and lactic dehydrogenase (LDH), with a. 
characteristic rise-and fall; or (3) in some patients, postmortem findings. of. 
myocardial necrosis.? 

: Patients presenting to the emergency ward with a chief complaint of chest 


.pain or an equivalent complaint such as “pressure” or “heaviness” in the chest ` 


were classified as having “typical” symptoms. “Atypical” symptoms included 
other chief complaints such as shortness of breath, extreme fatigue and epigastric 
or abdominal distress. Historical data in each case were obtained from notes by 
the admitting house staff and staff physicians. 

Clinical definitions: Patient reliability was graded (1) good, if the patient 
gave a detailed reproducible history; (2) fair, if the patient gave a reproducible 
history concerning symptoms, but descriptive detail was lacking; and (3) poor,. 
if the patient’s history was difficult to obtain or intraobserver variability was 
noted. A premonitory syndrome was defined as present when symptoms were 
separated from the presenting complaints by more than 24 hours before ad-. 
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missign. Exertional levels at the onset of the symptoms pře- 


cipitating admission were defined as.follows: (1) no exer- 
gion—sleeping, sitting, lying, “doing nothing”; (2) mild 
exertion—activities of daily living such as shopping, driving 
a car or eating; (3) severe exertion—lifting heavy objects or 


walking briskly; and (4) indeterminate exertional level—the . 


onset of symptoms not definable in relation to activity. 


A history of'angina pectoris was considered established if - 


the patient had a history of exertional chest pain relieved with 
rest or sublingually administered nitroglycerin. Congestive 


heart failure was judged to have been present before admission ~ 


if it was documented in the hospital record or if the patient 
had cardiomegaly and was taking a digitalis preparation. Di- 
abetes mellitus was considered present if there was a docu- 


mented fasting blood sugar level of more than 120 mg/100 ml ` 


or if the patient was taking insulin or an oral hypoglycemic 
preparation. Hypertension was defined as present if the pa- 


tient had a consistent diastolic blood pressure of more than’ 


95 mm Hg before admission or was receiving long-term 


-treatment with antihypertensive medications. A history of 


prior myocardial infarction was accepted if it was documented 
in the hospital record or was suggested in the admission car- 
diogram and there was a compatible clinical history. Cigarette 


‘smoking was considered present if the patient was smoking 


at the time of admission. Alcoholism was defined as drinking 
more than 6 ounces (180 ml) of whiskey or other “hard liquor” 


a day or its equivalent in beer or wine. Electrocardiographic . 


abnormalities included all deviations from normal (ST-T 
changes, ventricular premature beats, for example) and were 
graded as present or absent. Cardiogenic shock was defined 
as a state in which systolic blood pressure was less than 90 mm 
Hg for more than 1 hour, -with evidence of inadequate pe- 
ripheral perfusion such as sweating, confusion; pallor and 
decreased-urinary output. ; 

Statistical analysis: Because some preadmission variables 
could not be evaluated in all patients, percentages are based 
on total case numbers for each category. No category had less 
than 90 percent of the total case numbers. Prehospital and 
in-hospital categories were compared individually using the 
chi square test. In addition, 24 prehospital variables were used 
in a discriminant function analysis.? 

Results 


Findings on Admission 


Presenting symptoms: Atypical presentations. 


without chest pain were noted in 26 of the 102 cases 
(25.5 percent) (Table I). Among these 26 patients, res- 
piratory difficulties were a presenting symptom in 15, 


of whom 14 had acute or suddenly progressive dyspnea . 


and 1 had a persistent nonproductive cough. Four pa- 
tients presented with symptoms of extreme fatigue. Six 
had abdominal symptoms, five with abdominal or epi- 
gastric distress and one with persistent nausea and 
vomiting. Syncope was the Presenting problem.in one 


` patient. 


Significant differences between the two groups 
on admission: Patients with an atypical presentation 
had a mean age of 69.1 years (range 49 to 87) compared 
with 58.7 years (range 34 to 87) for those with a typical 
presentation (P <0.001). Only one patient with an 
atypical presentation was less than 50 years old. An- 
other striking difference related to angina pectoris. Only 


.1 of 25 patients (4 percent) with atypical symptoms had _ 
- a history of angina pectoris compared with 28 of 76 pa- 





TABLE 1 
Clinical Presentation of Acute iadu infarction 
Patiénts 
Symptom ; (no.) 
Chest pain : 4s T 
‘Dyspnea ‘ 14 
Abdominal or epigastric pain oS gs - 5 
Fatigue 4 
Left arm pain : 1 
Cough 1 
Nausea:and vomiting alone -~ 1 
- Syncope 1 
> Total ; i ; 102 


tients (37 percent) in the typical group (P <0.05). Sig- 
nificant differences were also found in the frequency of 
cigarette smoking. Fourteen of 24 patients (58 percent) 
in the atypical group compared with 58 of. 76 patients 


` (76 percent) in the typical group had a cigarette smoking 


history (P <0.01). Both a history of angina pectoris and 


` cigarette smoking were important characteristics in the 


discriminant function analysis; age was not (see later). 


Nonsignificant differences between the two 
groups on admission: There were no significant dif- 
ferences between patients. with typical and atypical. 


_ symptoms in history of diabetes mellitus, hypertension, - 


congestive heart failure or prior myocardial infarction. 
Also, there were no significant differences in degree of 
patient reliability, sex, race, native versus foreign- born 


- status, frequency of premonitory syndromes, level of 
` activity at beginning of symptoms, whether the event 


marked the first occurrence of this type of symptom, 


‘history of psychiatric disorder or alcoholism, family 


history of cardiovascular disease, marital status, history 
of prior electrocardiographic abnormalities or a past 
history of gastrointestinal or respiratory complaints. 
‘In the discriminant function analysis, however, the 
following variables were of importance: patient reli- 
ability, a history of congestive heart failure, prior elec- 
trocardiographic abnormalities and history of gas- 
trointestinal or respiratory complaints (see later). 


Delay Time From Entry to Hospital to 
Intensive Care Monitoring 

The median delay from the onset of symptoms to 
arrival at the hospital wis 12 hours (range 1 to more 
than 24 hours) in the atypical group compared with a 
median delay of 4 hours (range 1 to more than 24 hours) 


‘in the typical group (P <0.05). Only a fourth of the 


atypical group had presented by 4 hours. Thirty-five 
percent of the atypical group presented 24 hours or 
more after the beginning of the chief complaint, com- 
pared-with only 11 percent of the typical group (Table 


TD). 


The reasons for patient delay were not studied. The 
hypothesis that patients were unaware of the possibility 
of “heart attack” seems plausible because in more than 


- half of the patients, it required more than 3 hours for the 


physician to consider the diagnosis of acute myocardial 


- infarction (see later). 
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i TABLE dl 7 
` Delay Times in Patients Jn Typical and Atypical Groups 


Atypical 


. Typical à 
; Daley Times pica ____ Group i 


From aad to eee arrival 
(hours) . 


als i ` 33/72 (48%) 5/23 (22%) 
48 o] : i 14172 (19%) 3/23 


13%) ' 
8-12 oe ae a: TEA 
12-24: RS my b 4/23 (18% 
->24 „8/72 (11%) 8/23 (35%) 
Erom hospital arrival to oxañhination | yax AAEE 
(min) ` : - 5 Sse 
0-15 - cea _ 86/72 (92%) 18/22 (73%) 
rE e - 3/72 ve . 4/22 (18%) 
Š - . 3/72 (4%) 2/22 (9%) 
From n hosp arrival, to dagos A ` j j 
61/72 (85%) ` eae. 
15.86 ek ©. 7172(10%) 2/24 (8% 
>60 ae “4/72 (5%) 12/24 (50 
` At autops cae +0772 (0%) ` ARATI) 
From hasp hospita arrival to monitoring; 
. 0-68 : : 71175 (98%) ‘14/24 (68%) 
6-24 . » -> 2/75 (8%) 3/24 (13%) 
DPA aa a Ya n TEAS) 2/24 (8%) 


Not monitored 1/75 (1%) > 


Median delay between arrival at: the hospital and 


‘examination by a physician (Table. II) was slightly. 
longer for the atypical than for the typical group (18 - 


minutes [range less than 15 minutes.to more.than 2 
hours] versus 15 minutes [range less than 15 minutes to 


1 hour] [P <0.05]). The time from arrival at the hospital - 
to diagnosis of possible myocardial infarction was also ` 
delayed significantly in the atypical group (Table II) ` 
(150 minutes [less than 15 minutes to-diagnosis at au- - 


topsy] versus 15 minutés [less than 15 minutes to more 


than 3 hours] in the typical group [P <0.001]):'In only . 
1 of 72 patients (1 percent) in the typical group was di- .. 
agnosis delayed more than 3 hours. In the atypical group’ - 
15 of 24 patients (62.5 percent) had a greater than 3 hour . 
delay in correct diagnosis; in 4 of Tese 15 De agnosis . 


was not made during life. `- Ve 
Median time from arrival at the hospital to contin- 
uous monitoring ina coronary or intensive care unit 


setting was 90 minutes (15 minutes to not continuously: - 


monitored) for the atypical group compared with 45 
minutes (15 minutes 'to not continuously monitored) in 
the typical group (P <0.001). In the atypical group only 
14 of 24 patients (58 percenf).were monitored within 6 


hours. The delay was‘due, in part, to the lack.of.recog- 
nition of the patient’s true diagnosis. In the.typical ` 
group, 71 of 78 (95 percent) had continuous coronary or 


intensive care unit motors within 6 hours (Table 


- ID. 


Clinical Course. Ren l 
Physical examination on admission: Mean heart 


- rate (beats/min) in the atypical group was 104 (60 to ` 


150) compared with 87 (50 to 150) in the typical group 
(P <0.001). Mean respiratory rate per minute in the 
atypical group was 26 (8 to 42) compared with 20 (12. to 
40) for the Ga group (P <0. 001). Mean temperature 


5/24 (21%) -` 


TABLE M. ; 
' Location of Myocardial intarction In Pationts In in Typical and f 
Atypical Groups - yi F ; Py 

‘Lacationof ° Typical | _ Atypical 
infarction i Qoup as Group 

L Anterior 36 (47.5%)  43(50.0%) . 
inferlor ~ 29(38:2%) - 7(26.9%) 

Anterior-interlor °2 25%) o` 

` Subendocardial™" ` 8 (10.6% ` 4 (15.4%) » 


= Indeterminate ' 1 By -` 2.7.7%) 


a 1 LBBB, 1 no ECG changes). © ~ 


ECG = electiocardiographie; L LBBB = left bundle branch block, 


‘in the atypical group was 99:6° F (97. 04 to 103.8) còm- ` 


pared with 98.6° F (97.0 to 101.0) in the typical group 


.. (P <0.01). Average systolic and diastolic blood pressure : 
_, values did not differ significantly in the two groups. The 


frequency of abnormal physical findings on admission 


- , in the two groups was also similar. Specifically, no dif- 


ferences were found in the frequency of abnormal gen- 
eral appearance, laterally displaced point’ of maximal ` 


_. cardiac impulse, paradoxically split second heart sound, 


atrial and ventricular gallop sounds, systolic murmur, 


eon rales, pedal edema, abnormal mental status, peripheral Be 
z neuropathy i òr motor deficit. : 


Laboratory findings: Mean aon white blood i 


< cell count (mm3) in the atypical group was 15,900 (6,600. 


to 65,100) compared with 10,200 (3,000 to 27 700) i inthe 


.typical group (P <0.01). Median peak serum CK, GOT. - 


and LDH levels were not significantly differenti in the ee 
two groups. . = 

‘Blestrocariiogtiphic findings: The location of ‘ 
mydacardial infarction was similar in both groups: (Table " . 


`I). Thirteen of 26 patients (50 percent) in the atypical 
group had an anterior myocardial infarction compared ` 
- with 36 of 76 patients (47:5 percent) in the typical group. , 
- Seven of 26 (27 percent) in the atypical group had an 

' inferior infarction compared with 29 of 76,(38 percent) 
` _ in the typical group. Subendocardial infarction occurred - 


in 4 of 26 patients (15 percent) in the'atypical group and `’ 


‘in 8 of 76 (10,5 percent) of the typical group. 


-~ No significant differences between the two groups 
were found in the frequency of sinoatrial tachycardia, ` 


. right bundlé branch-block, left bundle branch block, left. 
` ‘anterior hemiblock; left posterior hemiblock, atrial 


flutter, atrial fibrillation, paroxysmal atrial tachycardia, = 


multifocal . atrial ‘tachycardia, atrial premature’ con“ 


tractions, junctional rhythm, ‘ventricular prémature - 


‘beats, ventricular tachycardia, ventricular fibrillation ' 


or first, second or-third degree heart block. However; 


. sinoatrial bradycardia was noted in 14 of 76 patients (18 -. 
' percent) in the typical. group, whereas ` none in the 
»,atypical group had this ‘arrhythmia (P <0. 05). In the 


typical group, 12 of the 14 patients with this rhythm had 


- an inferior myocardial infarction and 1 each had'an 


anteroseptal and anterolateral myocardial infarction. 
Mortality in this group was 3 of 14 (21 percent). Of the 
seven patients in the atypical group with inferior myo- - 
cardial infarction, five (71 percent) died. Thus, theab- ` . 
sence of bradycardia: in the aes, group, Spesa ak 














2s al 


among E with inferior yada dion: may `: 


have been related to the presence’ of sévere underlying 


the typical £ group (P <0. 05). Pneumonia was also more 


frequently encountered in the atypical group, occurring 
in 11 of 26 patients (42 percent) compared with 3 of 76 


aeft ventricular failure. Alternatively, delay i in exami-" | 
nation in the atypical group may-have preyentéed. de-. ' 
‘tection of bradyarrhythmias-that dccurred earlier» `` 
Complications and mortality: Cardiogenic. shock | | 
occurred in 9 of 26 patients (35 percent) i in the atypical - 
group compared with 8 of 76 patients (10.5 percerit) in > 


patients (4 percent) in the typical group (P <0. 001). : 


Twenty of 26 patients (77 percent) in thè atypical group 
had: a temperature of more than 100° F during their . 
hospital course compared’ with 38 of 76 patients (50° 


percent) in the typical group (P <0.05): The sources of 


fever were considered different:in-the two groups. In. | 


only .7-of 20 febrile patients (35 percent) in the atypical 


group was fever considered secondary to myocardial 


infarction or pericarditis compared with 29 of 38 (76` 


percent) febrile patients in the typical group (P <0.06). 
Thirteen of ‘20 (65 percent) patients in. the atypical 


group had infections compared with 9 of 28 (32 percent). © 
in the typical group (P <0.05). The frequency of classes’ . 


I and II congestive heart failure, pericarditis ‘and pa- 


pillary muscle dysfunction was comparahle i in the two. 


groups. 


Overall in-hospital mortality s was 97 of.102 patients a 
(26 percent). The mortality figure for patients whose. 


infarction was diagnosed during life was 23 percent (23 


of 102 patients) ‘because the diagnosis was not made - . 


until autopsy i in 4 patients. Thirteen of 26 (50 percent) 


patients in the atypical group died. compared with 14 of ` 


76 patients (18 percent) in the typical group (P. <0. 05). $ 


Age- adjusted mortality by 20 year periods showed sig- 


nificant differences in the group from ages 30 to 49 


years; patients in the typical. group-had no mortality (0. 


of 20), whereas patients in the atypical group had a 50 


_ percent mortality rate (1: of 2) (P. <0.05); ‘there were 
__ marginally significant. differences in the 50 to 69 year... 
' old age group of 17 percent (7 of 41) in the typical group 


versus 42 percent (5 of 12) in'the atypical group (0.05 < . 


. P < 0.10); and insignificant differences in the 70 to 89 


year old age group of 47-percent (7 of 15) in the typical 


group. versus 58 percent (7 of 12) in the atypical group. 
The causes of death in the two groups included cardio-. 


genic shock (nine patients in the atypical group and . 


_ -eight in the typical group). Fatal primary ventricular 
; arrhythmias occurred in three patients in the atypical - 


and in two.in the typical group.  Théré-was one patient 
with ventricular rupture in each group, and three pa- 
tients in the typical group died of other causes, one: each 


with papillary muscle, rupture, pneumonia and septic, 


` shock, ` i 

. Stepwise regression ‘analysis on 86 Prehospital. änd. 
intrahospital variables was performed to analyze the . 
‘reasons for differences in mortality in the two groups. ` 


These 86 variables were selected on the basis of the 





highest simple correlations to mortality: Of.the total ` 
_ difference, 42 percent could be explained by a greater . 
_ incidence of cardiogenie shock i in the ae group; an 


‘Discriminant Function Analyse B 3 


‘1 GOOD 
- Using the patient’s computed discriminant score; one can 
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 gaditienek 7: 5 percent s was related to aa rup- 
- ture; and 6 percent to ahy pma (ventricular fibril- 
: lation or asystole). 


: Using discriminant function analysis, we developed a 


- probability graph to’characterize the group of patients who 
_presented without chest pain. Twenty-four prehospital vari- 
__ ables were used, 11 of which were useful in separating the two 
groups. With this analysis 80: percent of the patients were 
-. placed in the appropriate group. This figure represents a gain 
~ of 28.5 percent over the probability of predicting a patient’s 
group using only. the’single. most discriminating variable—a 
- history of angina pectoris. 


‘From this analysis, the following descriptive statement may 


2 ‘be made before the actual event: Patients in the atypical group 
' are Jess likely to have a history of angina pectoris or cigarette 


smoking. In addition, they are less reliable historians, and are 


‘more likely to have a prior history of congestive heart failure 
_, or electtocardiogtaphic abnormalities and no prior history of 
% gastrointestinal or respiratory complaints. 


* These statements may be written i in equation form as fol- 


lows: 


Discrinnuint score ` = 0,484 ae reliability 
= “> 1,239 angina + 0.657 CHF | 
~ + 0.331 ECG — 0.606 cig — 0.268 ROS + 2.279. 
where CHF = congestive, heart failure; ECG = prior electro- 


l cardiòġřaphic abnormalities; cig = cigarette smoking history; 
-ROS = positive history. of gastrointestinal or respiratory 


cofnplaints: 5 
‘The discriminant score may be computed by multiplying 


othe ‘constant in each category times the i da code 
number. as follows: i 


Code 
- LYES- 


. History of angina, congestive 

heart failure, prior electro- 

' cardiographic abnormalities, 

_ Cigarette smokihg or gas- 

> trointestinal or respiratory 
complaints. ` ` 

2FAIR 3 POOR Patient reliability. 


` 2 NO: 


refer to'the average probability graph and approximate the 


pat probability of having chest pain (Fig: 1). 


Discussion 


~ Prevalence of acute myocardial infarction without 
- chest pain: Since Herrick’s deacription* of the “classic” 
- myocardial infarction, it.h&s been recognized that patients 


may present without pain: Attempts to assess the prevalence 


`, of these “atypical” presentations» have yielded values 


ranging from less than 1'to moré than 60 percent. Epidemio- 
logic studies have attempted to define the prevalence of totally 


- “silent” or.unrecognized myocardial infarction in nonfatal 

- cases. Although the phenomena of “atypical” presentation and 

“silent” myocardial infarction may be distinct, it is possible 

` that they represent two points on a spectrum. It has long been 
recognized 


that the longer the interval between the occurrence 


. ‘of infarction and the time of questioning, the more likely is 


lack of pain to be reported.”-® In the Western Collaborative 
Group Study,® the prevalence rate of unrecognized or “silent” 


: myocardial infarction in nonfatal cases was 30 percent; in the 


í Study?° it was 12 percent. In the latter study in 
a cue of patients who were symptomatic but did not 
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, ‘DISCRIMINANT SCORE 
FIGURE 1. Pre-event probability of patient having myocardial infarction 
with or without chest pain. With use of the equation in the text, a 
discriminant score Is calculated. The average probability depends on 
the quadrant Into which the discriminant score falls. 


consult a physician, 8 of 28 (28.5.percent) had atypical 
symptoms (7 with a history of severe dyspnea, 1 with epigastric 
pain). In a community study!! of patients with myocardial 
infarction, *Kinlen!! found that 12.5 percent had predomi- 
nating symptoms other than chest pain, particularly an un- 
usual degree of fatigue; this symptom was the presenting 
problem in four of our patienté (4 percent). 

Older clinicopathologic studies have shown a wide range of 
estimates of atypical presentations, with the prevalence rate 
of painless myocardial infarction ranging from 4 to 45 per- 
cent.1.7,12,18 The discrepancies in these’ older clinicopathologic 
studies and also in the clinical studies described later may be 
due in part to the following reasons: Several studies did not 
differentiate myocardial necrosis from “coronary thrombosis”; 
old and recent myocardial infarctions were often grouped 
together; definitions of “painless” and “atypical” infarction 
varied; and most studies were retrospective in design. 

In more recent clinical studies a variable prevalence of 
atypical or painless myocardial infarction has also been de- 
scribed, with rates ranging from 1 to 26.5 perceyt.'4-2? In our 


series 26 of 102 patients (25.5 percent) were considered to have ` 


had an atypical presentation. Hat we excluded patients with 
epigastric or abdominal distress and those who were consid- 
ered questionable historians for various reasons, we would 
have had a prevalence rate of 13 percent. We believe that a 
range between these two figures of 25.5 and 13 percent esti- 
mates the true prevalence rate of myocardial infarction 
without chest pain as the admitting problem to our hospi- 
tal. . 

Clinical features and course of atypical group: Al- 
though the grouping of all patients without chest pain into a 
single category is arbitrary, its justification is an attempt to 
identify those patients with infarction who pose diagnostic 
dilemmas. Certain other characteristics are helpful. Patients 
in the atypical group were 10 years older than patients in the 
typical group. As noted earlier by Rosenman et al.,9 patients 
who present atypically smoke less heavily as a group. Most 


important is the presence or absence of a history of angina. It 
is very unlikely, although not impossible, that a patient with f 
an anginal history will present without chest pain. 

Several earlier suggestions regarding the atypical Stoun 
were not borne out in our study. Although it has been stated 
frequently*?.24 and suggested recently by the Framingham’ 
Study?!° that there is an increased frequency of atypical pre- 
sentations in diabetic patients, we were unable to confirm this 
finding. Gorham and Martin’ found that hypertension was ` 
more frequent in'the group with chest pain; the Framingham 
Study suggested the opposite. Our study suggests that Hy- 
pertension is neither more or less- frequent in the group ` 
without chest pain. Some investigators?!.> suggested that 
atypical myocardial infarction occurs more frequently in pa- 
tients with chronic heart failure. We found a similar preva- 
lence of chronic congestive heart failure in the two groups in ` 
our study. We did not find the greater prevalence of atypical 
presentations in blacks suggested by Perkoff and Strand nor 
the greater prevalence of familial coronary artery disease in 
the atypical group reported by Rosenman et al.? ` - 

We used discriminant function analysis in an attempt to 
define an at-risk atypical population using data that might 
be available before the occurrence of symptoms or at the time | 
of hospital admission. With this procedure ‘the proper 
grouping was predicted in approximately 80 percent of cases, ` 
but the analysis was retrospective in nature and relatively few 
cases were studied. A prospective study is required to test the 
utility of the discriminant function analysis... - 

Differences in mortality: The most striking in-hospital 
difference between the atypical and typical groups was the 
almost three-fold greater mortality in the atypical group. 
From regression analysis, this increased mortality may be ` 
attributed in almost half of cases to the greater prevalence of 
cardiogenic shock and, to a lesser extent, to myocardial rup- 
ture and arrhythmias. The reason for the association between 
cardiogenic shock and atypical presentation is unclear, but - 
it may be partly related to the association of increasing risk 
of cardiogenic shock with advancing age. It appears .that these 
patients were in poorer general medical condition on admis- _ 
sion to the hospital, as reflected by significantly nigher res- 
piratory rate, heart rate, temperature and white blood cell 
count. No other features of the initial physical examination 
were different in the two groups. That the serum enzyme 
values were similar in the two groups suggests that patients 
with an atypical presentation did not have a larger infarct. In ` 


addition, the location of the infarct in the electrocardiogram 


was similar in both groups, contradicting Herrick’s hypothe- 
sis?? that atypical infarcts are more common in certain theo- 
retically less pain-sensitive regions of the heart. The greater 
prevalence of pneumonia in the atypical group is also not ex- 
plained: a few of these patients did have pneumonia on ad-. 
mission, suggesting that in certain cases hypoxia may have 
compromised an already ischemic myocardium, resulting in 
further myocardial necrosis and a complicated course. 

‘Causes for painless myocardial infarction: The expla- 
nation for painless or “atypical” myocardial infarction has 
been debated since it was first described.4!213.20 Obviously 
some patients do not complain of pain because of disordered 
mentation or inability to relate a history, secondary to hypo- 
acusis, aphasia or respiratory distress. It 'has also been sug- 
gested that patients with atypical presentation may have 
hypalgesia by.comparison with a “normal” group.2® However, 
in our atypical group, there was no evidence that sensory 
neuropathy was more frequent than in the typical group, and ` 
diabetes was not more common. 

Prognosis: The greatest potential danger in the earliest 
phase of myocardial infarction is fatal arrhythmia. Although ° 
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; patients, presumably in part because of a delay incorrect di- - 


“not examine the important question of how often the com- . 


6. Babey AM: Painless acute infarction of the heart. N Engl.J Med. 


8. Johnson WJ, Achor RWP, Burchell HB, et al: Unrecognized . 


fatal ahabia did not occur more feei: in our atyp- 
ical group, these patients did appear to be at gréater risk for, 


this complication because of longer delay times. More than: 


à 3 hour delay occurred before consideration of the correct `` 


diagnosis in 15 of 24 atypical cases (62.5 percent) but in only 


1 of 72 (1 percent) of typical cases. In addition a longer. time ' 
period was required to institute continuous coronary or in- | - 


tensive care unit.monitoring in the atypical than the typical 


agnosis. Five patients were not monitored, at least one of 


whom presumably died of a reversible arrhythmia. The in-. - 


evitable conclusion is'‘that although the existence of atypical 
symptoms has been known for 50 years, a correct diagnosis i is 
more difficult in. patients without chest pain and, because of 
delays in diagnosis and monitoring, these patients are at po- 


tential greater’ risk of death from arrhythmia ‘and possibly -` f 


cardiogenic shock. 

Therapeutic implications: Several ET paints 
should be stressed. Especially in high risk cardiac patients, 
we recommend. consideration of the factors identified as sig- 
nificant by our discriminant function analysis. Our. study did 
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„ plaints presented by our atypical group occur in patients who 
` are subsequently proved not to have myocardial infarction. 


Such occurrences must be rather cémmon. It is probably im- 
practical 'to screen routinely all patients with new gastroin- 
testinal or respiratory symptoms for acuite myocardial in- 


_ farction; however, patients with high probability gcores “by 
„discriminant analysis appear to be prime candidates for a 


cautious approach, especially if the cause oftheir symptoms 
is not.entirely explained. Delay times in the emergency room 


` may be reduced by emphasizing t the frequency of this disorder 


to paramedical personnel, riurses‘and physicians. In short, 


‘more widespread appreciation of this disorder may aid in 


further reducing morbidity and Hii of myocardial j in- 
farction i in the hospital setting. 
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Because ofthe controversy coriceming ihe’ effects on ecaa ischemia 


‘of maintaining systemic pressure concomitant with administration of nl- 
-troglycerin, this study was undertaken of the actions of nitroglycerin, with 


and without simultaneous phenylephrine infusion, on coronary blood flow, 
myocardial energetics and left. ventricular function In 17. patients with 


_ multivessel coronary artery disease. Five minutes after sublingual ad- 
ministration of 0.4 mg of nitroglycerin, mean arterial pressure, left ven- 


tricular filling pressure, cardiac Index and coronary sinus blood flow were 


. reduced (P <0.05), from control values. With mean arterial pressure raised 


to control level with phenylephrine In 10 patients (Group 1), values for 


coronary sinus blood flow, myocardial perfusion gradient, cardiac effi- 


ciency index and ratio of coronary sinus flow/cardiac output all Increased ` 


(P <0.05) compared with values in 7 patients receiving only nitroglycerin 


(Group Il) and In patients recelving nitroglycerin before phenylephrine 
in Group | and with the values in 7 patients who recelved no phenylephrine. 
Left ventricular function and coronary vascular resistance were unchanged 


(P >0.05) from control values by the addition of phenylephrine to nitro- 


glycerin: Because myocardial oxygen extraction decreased while coro- 
nary sinus flow Incréased, the phenylephrine-induced Increase in coronary 
flow was not due to augmented cardiac oxygen demands. Thus, preser- 
vation of systemic pressure concomitant with nitroglycerin enhances - 


. myocardial perfusion. From these findings, with greater nitroglycerin- 


Induced decreases in mean arterial pressure and coronary flow In patients * 
with acute Ischemia, it appears that phenylephrine with mere may: 


particulesty improve a a energetics. 


_ The effects on myocardial’ ischemia of maintaining systemic blood: . 
. pressure during administration of nitroglycerin arè disputed.!* Certain 
experimental and clinical studies?+* have demonstrated that inhibition 

- of the nitrate-induced decrease in systemic pressure may enliance the: 


beneficial_effects of nitroglycerin on the ischemic myocardium; con- 


versely, other studies® have suggested that infusion of phenylephrine ` 


to maintain systemic pressure reverses the efficacious actions of nitro:.’ 


“glycerin on ischemic injury in acute myocardial infarction. In view of this ` 
' controversy, in this investigation we (1) assessed the effects on coronary 
. blood flow, coronary vascular resistance, myocardial energetics and left 
© ventricular function of augmenting blood pressure by infusing phenyl- 
- ephrine during sublingual administration of nitroglycerin, and (2) 
. compared the combined effects of these two agents with the actions of- 


nitroglycerin alone. We reasoned that this initial evaluation of these 
multiple variables during administration of nitroglycerin and phenyl-, . 
ephrine in patients with coronary disease would afford valuable insight 


- concerning the mechanism of action and potential usefulness of this 


combined. phereecolele approach in patients with acute myocardial 
ischemia. a 
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‘= = P <0.05 and § = P <0.01 versus 5 minutes after nitroglycerin. 


TABLE 1 ; ` DA . 
\ Hemodynamic and Coronary Vascular Effects of Nitroglycerin With (Group I) and Without (Group II) Phenylephrine (mean + 
standard error of the pee): ; . 
f After Nitroglycerin Dg 
Control 5 Minutes 10 Minutes 15 Minutes 
ak i Group Group Group Group Group ° ° Group 
oll : l Il l Il lt 
MAP 94 + 3.1 _ 8942.6 84 + 2.8t - 78 4 2.1t 99 + 2.58 77 + 2.2 84 + 2.7 
LVFP X 9410 104 1.1 ` §40.8° ' 6+0.6° ©. 740.9" 7 + 0.8* 841.0 
cil. 3.014018 2.81 +0.14 2.60 + 0.18* 2.69 + 0.11* 2.85 + 0.17 2.70 + 0.14* 2.67 + 0.16 
CSF 102 +11.3 9749.1 75 + 6.8 7647.3" 89 +7.7t 7346.17 80 + 8.2* 
CVR . 0.87 + 0.04 0.86 + 0.03 1.09 + 0.06* 0.99 + 0.04* 1.08 + 0.05” 1.03 + 0.06° 1.00 + 0.06 
ey, x 100 3.39 + 0.19 3.45 + 0.17 2.88 + 0.18* 2.80 + 0.16° ' 3.12 + 0.20 2.71 + 0.19* 3.08 + 0.21 
= P <0.05 and t = P <0.01 versus control period before nitroglycerin. . 


= cardiac Index (liters/min per m?); CSF = coronary sinus flow (ml/min); CVR = coronary vascular resistance (mm Hg/mi per min); LVFP 
ay ventricular filling pressure (mm Hg); MAP = mean arterial pressure (mm Hg). _ 


Methods: 


Seventeen adult patients with arteriographic documenta- 
tion of multivessel coronary artery disease (evidence of 75 
percent or greater stenosis) were studied during diagnostic 
cardiac catheterization. At least 10 minutes after completion 
of the diagnostic studies, control values were obtained for 
systemic intraarterial pressure, left ventricular filling pressure 
derived from the mean pulmonary arterial wedge pressure, 
cardiac index determined with the thermodilution technique 
(Santa Barbara Technology, Santa Barbara, California) and 
coronary sinus ‘blood flow measured in.triplicate with the 
thermodilution technique (Wilton Webster "Manufacturing 
Co, Altadena, California) as described previously.” The cor- 
onary sinus catheter was positioned with the thermistor in the 


-coronary sinus near the ostium of the coronary sinus, and a 


fixed location was ensured with periodic fluoroscopic in- 
spection and injection of small quantities of contrast material 
into the catheter.” Heart rate was maintained constant with 
coronary sinus pacing at a rate preselected in each patient to 
slightly exceed the nitroglycerin-induced ‘tachycardia; this 
procedure excluded heart rate as a factor influencing the 
measured variables. - 

Protocol: Immediately after measurement of the control 
indexes, each patient received 0.4 mg of sublingually admin- 
istered nitroglycerin. During the 5th minute after adminis- 
tration of the nitrate each index was remeasured in all 17 pa- 


tients. Phenylephrine was then infused (mean dose 67 yg/min; 


range 50 to 90 yg/min) in 10 patients (Group J) to raise sys- 
temic mean arterial pressure to control levels, and all indexes 


were again measured within 10 minutes of administration of 


nitroglycerin. The remaining seven patients given only ni- 
troglycerin served as control subjects (Group I). Thus, in this 
latter group of patients no phenylephrine was given and all 
‘indexes were measured during the 10th and 15th minutes after 


nitroglycerin. 
Measurements: Myocardial oxygen extraction was de- 
termined from the relation (AO2 — CSOz)/AQz, where AO; = 


‘systemic arterial oxygen saturation and CSO; = coronary 
sinus oxygen saturation. The myocardial perfusion gradient ° 
was calculated. as the difference between aortic diastolic 
pressure and left ventricular filling pressure. Coronary vas- 
cular resistance in mm. Hg/ml per min was calculated from the 
equation (MAP — RAP)/CSF, where MAP = mean systemic 


„arterial pressure, RAP = right atrial mean pressure and CSF 


= coronary sinus flow. The index of cardiac efficiency was 


calculated as SWI/myocardial oxygen extraction, where SWI 
= stroke work index.’ The relation between cardiac output 
and coronary sinus flow was determined from the quotient of 
coronary sinus flow and cardiac index. 


Results 


Table I and Figure 1 summarize the alterations in 
hemodynamic variables and coronary vascular dy- 
namics that resulted from each intervention. Mean 
systemic arterial pressure, left ventricular filling pres- 
sure, cardiac index and coronary sinus flow,decreased 
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FIGURE 1. Effects of nitroglycerin alone and with phenylephrine Infusion 
on systemic systolic blood pressure (SBP), mean systemic arterial 
pressure (MAP) and coronary sinus blood flow (CSF). Closed circles 
= patients who received phenylephrine from the 6th through the 10th 
minutes after nitroglycerin (Group I); and open circles = contro! patients 
who received only nitroglycerin (Group ll). * = P <0.01 versus control 
(©); T= P <0.01 versus Group Il, ` g 


a 


October 1877 ` The American Journal of CARDIOLOGY Volume 40 -Sasi 








a 
NITROGLYCERIN AND BLOOD PRESSURE—*MILLER ET AL. 





Se 
“es 
Sg. 
3g 
O 
.#" 55 
Q 
: . 88 
3 Eaa 
HE £ 70 
EBE , 
SESE 
= 60 
O 
zR C. ——(p<.0l) 
li 
Se 60 —(p<o— 
T 7 3 
 & 50 
E 0 . . . 
C 5Min lOMin. 15 Min. 
After NTG 


FIGURE 2. Effects of nitroglycerin (NTG) alone and with phenylephrine 
Infusion on myocardial oxygen extraction (A), myocardial perfusion 
gradient (B) and ratio of stroke work index (SWI) and myocardial oxygen 
extraction (O; Ext) (C). Closed circles = Group | (with phenylephrine 
Infusion); open circles = Group II (without phenylephrine Infusion). 


(P <0.05) to similar degrees {P >0.05) in both groups 
5 minutes after administration of nitroglycerin, and 
coronary vascular resistance increased (P <0.05) an 
equal extent (P >0.05) in both groups. Phenylephrine 


_ infused from the 6th to the 10th minutes after nitro-. 


glycerin in the 10 patients in Group I increased mean 


` systemic pressure (P <0.01), but left ventricular filling 


pressure and cardiac index were unchanged (P >0.05) 
by the combination of agents 10 minutes after nitro- 
glycerin; coronary sinus flow inereased (P <0.05) con- 
comitant with the phenylephrine-induced elevation of 
systemic pressure, and coronary vascular resistance was 
unchanged (P >0.05)..The patients in Group I given 
nitroglycerin alone demonstrated no changes (P >0.05) 


in these cardiac and coronary circulatory variables be- . 


tween 5 and 10 minutes after nitroglycerin (Table I); at 


15 minutes after nitroglycerin both the systemic pres- ' 


gure and coronary sinus flow increased (P <0.05) 
whereas the other variables were ugchanged (P 
>0.05). 

Although myocardial oxygen extraction was not sig- 
nificantly (P >0.05) decreased by the addition of 


‘phenylephrine compared with nitroglycerin alone (5 


minutes versus 10 minutes after nitroglycerin) the value 
observed with phenylephrine did diminish (P <0.05) 
compared with the value in the control period before 
nitroglycerin (Fig. 2). The myocardial coronary perfu- 
sion gradient was unchanged from the control value by 
nitroglycerin alone and was augmented (P <0.05 versus 
pre-nitroglycerin control value and value 5 minutes 
after nitroglycerin by combined nitroglycerin and 
phenylephrine. The myocardial efficiency index of 
stroke work index/myocardial oxygen extraction of 0.60 
in the control period declined slightly with nitroglycerin 


(P <0.05) but was augmented by the combined actions 


of phenylephrjne and nitroglycerin to 0.65 (P <0.05 
versus nitroglycerin, P >0.06 versus control) (Fig. 2C).§ 
Coronary sinus blood flow constituted 3.39 percent 
cardiac index in the pre-nitroglycerin control period in _ 


Group I and decreased to 2.88 percent 5 minutes after — - 


nitroglycerin (P <0.05) (Table I); with the addition of 
phenylephrine the ratio of coronary sinus flow to cardiac . 


“index returned to pre- -nitroglycerin control values (P 


>0.05). In Group I this relation of coronary sinus flow 
to cardiac index was lowered from the value by nitro- 
glycerin at 5 minutes (P <0.05) and the decrease per- 
sisted at 10 minutes (P <0.05); 15 minutes after ad- 
ministration of nitroglycerin the ratio returned to pre- 
nitroglycerin values (P >0.05) as systolic pressure re-- 


. ‘turned to control levels. 


Discussion 


Nitroglycerin and coronary blood flow: Although | 
the main salutary action of the nitrates in patients with | 
myocardial ischemia is to improve the imbalance be- 
tween myocardial oxygen supply and demand princi- 
pally by reducing the metabolic requirements of the 
ischemic myocardium,?!6 preservation or augmentation . 
of coronary blood flow concomitant with diminished 
requirements for nutritional flow may afford additional 


` benefit in this regard. Total coronary blood flow de- 


creases consequent to sublingual-administration of ni- | 
troglycerin in patients with ischemic heart disease 


without left ventricular failure, as demonstrated herein 


(Table I) atid as shown by others.!718 The clinical’ 
question concerning alterations in blood flow to isch- ' 
emic zones is an issue that remains largely unresolved : 
because of difficulties with precise methodology for 
quantifying regional myocardial blood flow in intact `` 


` patients. Some experimental data}9-22 suggest that ni~ 


troglycerin may afford some redistribution of myocar-` 
dial blood flow to ischemic regions, thereby diminishing - 
ischemia by favorably altering both components of the 


‘supply and demand relation. An additional consider- 
_ ation in: coronary artery disease is that. the nitroglyc- 


erin-induced reduction in total coronary blood flow may 
result from partial removal of the potent vasodilator 
stimulus of ischemic metabolites by reducing myocar- 


_ dial oxygen demands.” Finally, despite sensitive au- 


toregulatory. mechanisms that maintain coronary flow’ - 
relatively constant over a wide range of coronary per- 
fusion pressures in normal conditions,4-4 8 in coronary. 


atherosclerosis this automodulation of coronary flow is 


compromised.?” Thus, it is' highly likely that the re- __ 


‘duction in total coronary blood flow observed in patients 
. with coronary occlusive disease is importantly related- 


to the nitrate-induced decrease in systemic pressure. 

. Potential benefits of supplementing nitroglyc- 
erin with phenylephrine: The coronary sinus ther- 
modilution technique of determining coronary blood ` 


flow measures venous effluent from the left coronary 


system almost exclusively. All the patients chosen for ° 
our study had significant (greater than 75 percent) lu- ` 
minal narrowing of both the left anterior descending 
and circumflex coronary arteries; thus, the i increase in, 
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coronary sinus flow with aens: induced ele- 
vation of blood pressure reflects, at least in part, aug- - 
*mentation of blood flow through stenotic coronary ar-' 


«teries. Further, although these patients had severe but < 
stable multivessel coronary disease rather than acute .. 


ischemic injury, the demonstration of enhanced left ` 
coronary. arterial blood flow together with the favorable 
effects on myocardial energetics permits cautious ex-: 
tension of these findings to patients with active myo- 
cardial ischemia. . 

Our study examined the effects of nitroglycerin wih: 
and without simultaneous. administration of phenyl- , 
ephrine on coronary blood flow, myocardial .energetics 
and cardiac hemodynamics. The vasodepressor reflex- . 
induced tachycardia seen with nitroglycerin. was elim- 
inated by, constant coronary sinus pacing ; at arate suf- - 
ficient to maintain capture after pharmacologic inter- 
vention, thereby excluding heart rate as a variable in- 
fluencing myocardial oxygen requirements in this study.. 
In this regard a potential benefit of attenuating the 
decrease in systemic pressure by the administration of > 
_ an alpha-agonist as carried out by others® may have 
been inhibition of reflex-induced post-nitroglycerin. 
tachycardia. In contrast, our protocol design allowed 
relative isolation of the effects of maintaining blood 
pressure concomitant with nitroglycerin by controlling 
_ the effects on heart rate otherwise produced by this 
agent. 

Our finding that coronary sinus blood flow errad 


as systemic pressure was elevated with phenylephrine ` 


concomitant with a decrease in myocardial oxygen ex- . 
traction indicates that the observed increase in coronary ` 
sinus blood flow was the direct consequence of the in- 
creased myocardial perfusion gradient rather than of 
increased myocardial oxygen demands. Thus it appears 
that the augmented coronary flow afforded by the en- - 
hanced myocardial perfusion gradient offset the in- 
crease in oxygen requirements anticipated to result from 
the phenylephrine- induced i increase in ventricular a 
terload.. ; ; : 
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C, vascular resistahce TEN unchanged 
with the increase in coronary sinus flow that occùrred 


after the addition of phenylephrine, thereby indicating 


that the alpha-agonist property of phenylephrine ee 


. not produce coronary vasoconstriction (Table I). 
_Tatio of coronary sinus blood flow to total-cardiac ona 


decreased with nitroglycerin alone at both the 5.and 10 
minute periods (Table I). We postulate that this de- 
crease occurred because, despite the nitroglycerin in- 
duced reduction in myocardial oxygen needs, the ni- 
trate-induced reduction in systemic pressure resulted 
in mild sympathetic reflex coronary vasoconstriction,?8 
The sympathetic regulation of coronary resistance is 
considerably less potent than that resulting from met- 


-` abolic influences? and thus, in active myocardial 
` ischemia, this sympathetically mediated vasoconstric- 


tion is overridden by vasodilator metabolites. Another 
possible explanation is that. the ischemic-induced 
stimulus factor for coronary vasodilation was partly 
removed by the decrease in cardiac oxygen demands 
after administration of nitroglycerin. 

. Implications: Within normal ranges of blood pres- 
sure and left ventricular hemodynamics in patients with 
coronary artery disease, preservation of systemic blood 


‘pressure with phenylephrine augments total coronary 
blood flow compared with that induced with nitro- 


glycerin alone. It is probable that with greater nitrate- 


‘induced reductions in systemic pressure and coronary 
‘blood flow, phenylephrine may be even more beneficial. 


Further, in the setting of active myocardial isehemia the 
augmented coronary flow provided by phenylephrine 
may afford still greater enhancement of myocardial 
“energetics than that observed in our patients with severe 


, but stable coronary heart disease. 
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Atrial fibrillation is weil known to Increase greatly the risk of systemic 
arterial embolism In patlents with mitral valve disease. In light of the 
clinical frequency of embolism in patients with atrial fibrillation due to other 
types of heart disease, a study was made of embolic occurrences in 333 
‘autopsy patients with atrial fibrillation assoclated with various kinds of 
heart disease. Considering only symptomatic emboll with pathologic or 
surgical confirmation, embolism occurred In 41 percent of patients with 
mitral valve disease, 35 percent of those with Ischemic heart disease, 
35 percent of those with coexisting mitral and ischemic heart disease and 
17 percent of those with “other” types of heart disease. Embolism was 
found In only 7 percent of a control group of 58 autopsy patients with 
ischemic heart disease without atrial fibrillation. These findings suggest 
a high risk of embolism from atrial fibrillation of any origin, but particularly 
from that caused by Ischemic heart disease and mitral valve disease. 


Systemic embolism arising from the heart frequently has disastrous 
consequences, particularly when it involves the cerebral circulation, and 
little effect may be expected from therapy once the insult has occurred. 


‘Therefore, preventive therapy is important, and cardiac conditions fa- 


voring émbolism should be appreciated. Atrial fibrillation in mitral valve 
disease is well established as an important factor i increasing the risk of 
systemic embolism, 1-3 but there is no agreement concerning the extent 
of the threat resulting from other kinds of heart disease. 

In Beer and Ghitman’s autopsy series, embolism occurred in only 2 
percent | of patients with atrial fibrillation due to ischemic heart disease 
(1 case’in their series of 50) and in only 1 percent of patients without 


- atrial fibrillation. They concluded that atrial fibrillation did not add 


appreciably to the danger of embolism in ischemic heart disease. In 
contrast, in their clinical study of atrial fibrillation Hurst et al.” indicated 
that systemic embolism was slightly more frequent in coronary artery 
disease than in mitral valve disease. Darlirfget al.,° in a review of surgical 
experience with peripheral arterial emboli, found atrial fibrillation in 
73.1 percent of cases; in approximately half the arrhythmia was associ- 
ated with rheumatic heart disease and in half with ischemic heart disease. 
In an important study from Sweden of 642 cases of atrial fibrillation, 
Åberg? found the following incidence rates of all emboli, large and small, 
in various kinds of heart disease: valve or congenital disease, 53.5 percent, 


_ combined valve and ischemic disease, 54.3 percent and “others” (isch- 


emic heart diseasé, hypertensive heart disease, malignancies and mis- 
cellaneous other types) 41.7 percent; in a control group without atrial 
fibrillation the rate was 18.7 percent. Cerebral emboli, either isolated 
‘or with emboli at other sites, occurred in 77 percent of all embolic cases. 
Aberg concluded that there was strong reason to reevaluate the use of 
anticoagulant therapy in ipae with ataa fibrillation with or without 
valve disease. 
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L TABLEI> . E : $ j ' : 
Age,'Sex ang Type of Heart Disease In 333 Patlents With Atrial Fibrillation and 58 Control Patients With Normal Rhythm. ee 
ne ae te ane eee _ Gontrol Patients With, > 
P : : : à P: h Atrial Fi illat z Normal Rhythm pn S 
| Age Group Mitral Valve Ischemic Heart “. Mitral Valve’ : “Other” and Ischemic ‘ "i 
l - (w). Disease Disease ischernic Heart Disease Disease ‘ Heart Disease « 
| 30-39 `? .7 0 Oo | n 1 ‘0 
i 40-49 7 í a) 0, 3., 1 
! 50-59, ` . 28, 10; y A 7 8° 
60--69 13 30, 7 - 13. 19 
"70-79 ` 13° 76 4 F 21 17 
80-89 ° 2 , 49 -7 - 18- 11 
` 80-95, 0 6 f -3 2 : 
Total icine 70 FMi re 26. - K -66 58 et 
(83,78) A (8,18) (35,23) 


(male, female) Stic (27,43) ` 


Despite this evidence, atrial fibrillation is still gen- 
erally regarded as a risk factor for embolism chiefly in 
- the presence of mitral valve disease? The members of 
our Neurology Servicé have noted:a high incidence rate 
of atrial fibrillation in patients presenting with cerebral 
embolism. This association has not been restricted to 
patients with mitral valve disease, but has also been 
- observed in patients with other types of heart disease. - 
“This study was undertaken to evaluate more objectively 
our experience with the risk of embolism from atrial ` 
|: fibrillation in heart disease of various causes. A series 
I> of autopsy cases.of heart disease of various types with, 
and without atrial fibrillation was analyzed clinically 
- and pathologically to determine the incidence, site and 
PS severity of arterial embolism. . ` 


Clinical Material and Methods 


"Patients with atrial fibrillation: A list of all patients with 

. acoded diagnosis of atrial fibrillation was compiled from the 
“computerized ‘hospital files of all patients who underwent 
autopsy from 1962 to 1974. The coded diagnosis of atrial fi- 
brillation was obtained from the electrocardiogram - -inv95 . 

` percent of cases and from information in the discharge sum- 

` mary in the, Temaining 5 percent. Cases in which the clinical 
record was missing or in which’ the heart: was not’ examined 
pathologically were excluded. The presence of atrial fibrilla-_ 
tion was accepted only on the basis of electrocardiographic  _ 

documentation. The number of, confirmed cases was 333. The. - 
clinical and pashologir. reċords were then reviewed for the 











TABLE II ` a . 
- Underlying Cardiac Diagnosis In the 66 Patlents With Atrial 
Fibrillation and “Other” Disease Kiil ws i 
aes th "s+ Symptomatic’ > 
Diagnosis . Total Embolism 
Left ventricular hypertrophy with or without 34 `- 8(24%) | 
hypertension . : < ATESA 
Normal heart 14 . 3 (21%) ` a 
Aortic valve disease: . ` 5 0..." ‘ 
: Focal fibrosis of undetermined origin- 4. 0 
t Idiopathic cardiomyopathy 3 0 | 
^  Hemachromatosis : : 2° 0 
» Marantic endocarditis, ' oe AF O° 
& Vasculitis : t: 0 
k Myocarditis of undetermined origin ee ts 1 0 
£ Total . 66 ito 





(%)= percent of patients in each subgroup. ` 
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(36,30) 


following information: age, sex, origin of heart disease, dura- 
_ ion of atrial fibrillation, use of anticoagulation with warfarin, 


the presence of mural thrombus i in the heart, history of car- 
dioversion, presence of congestive heart failure and the site” 
‘and severity of systemic arterial embolism. Most patients had: - 


“as their final illness a disease common in a general hogpital:: 
_The most frequent: illnesses were myocardial ‘infarction, 
‘ stroke, congestive heart failure, neoplasm and pneumonia: - 


(Table I). 


Types of heart disëase: For the purposes ‘of this study, 


heart disease. was classified into four: categories: (1) mitral 
valve disease, (2) ischemic heart disease, (3) combined mitral | 


` valve and ischemic heart disease, and (4) “other”. disease 
. (Table I). Because all hearts were examined at autopsy, the | 
. Classification in each case was based on pathologic. criteria. 


Pathologie evidence for ‘the classification mitral valve 


“disease réquirtd clear-cut abnormality of the mitral valve 


itself. Cases with calcification of the mitral anulus alone were 


| excluded unless there was significant mitral. regurgitation’ : 
‘ “clinically and pathologic evidence of left atrial enlargement ` 
, and left ventricular hypertrophy (wall thickness, greater, than ` 

“114 mm). There: were 70 cases of mitral valve disease in thé | 


series. Aortic stenosis was a concomitant finding i in 22 (31. 


a percent). ' A 


The category of ischemic heart disease included patients ae 
Peg 


with severe coronary artery disease and. pathologic evidence 
of myocardial infarction. The age of infarction was determined 


emic heart disease only if there was luminal i narrowing of 70. 
percent í or greater of the cross- -sectional area'in one or more ` 


major coronary arteries. There were 171 cases: of ischemic 


heart disease. 
- The combined category OREA the 26 patients whò had- 


hoth mitral valve disease and ischemic heart disease according.” 


to the preceding criteria. Coexisting aortic stenosis was ae 


-in5(18percent): >. o 
The category of “other” ‘disease comprised 66 patients who |, 
did not meet the preceding criteria for ischemic.or mitral valve. - ` 
. disease,.or both. Some had no pathologic evidence of heart. pune 


disease despite the presence of atrial fibrillation; the re- . 


‘maining patients could be classified into several subgroups 


with a few patiénts each; left ventricular hypertrophy in the “ 


E absence of other. cardiac disease (with or without hyperten- ~~ 
; sion, defined by a blood pressure of 180/100 mm Hg or `; 


greater), idiopathic cardiomyopathy, hemochromatosis, . 
‘myocarditis, vasculitis, nonbacterial thrombotic (marantic) - 


` endocarditis on otherwise normal valves, focal myocardial ` 


fibrosis with patent coronary arteries and aortic stonon or 


obs 


-<` on the basis of the microscopic criteria of. Mallory et al.8 Pa- | ` 
.tients with coronary arterial lesions without. evidence. of. 
: myocardial infarction were assigned to the category. ‘of-isch: 














Control grop: A sitir group: n 58 patiente ene iach 


Y emicheart disease but without atrial fibrillation was assein- 2- 


bléd randomly froma computerizedlist of autopsy cases fromi - 


_~the same years. Their clinical and autopsy records-were sim-: . 2 
‘larly reviewed..The control group was selected for (coniparison ee 


with patients having: ischemic heart, diséaie and atrial fibril- ` 
‘lation (Table D. No control group.of patients with mitral valve > 
disease ahd normal rhythm was obtained because.the large ` - 
- incidence of embolism i in mitral valve disease with atrial fi- `- 
brillation has been well éstablished.!-3 Table IH compares’ 
patients with ischemic heart disease and atrial fibrillation with . 
the control group in'regard to important variables: The two 
groups are strikingly similar with respect to-.age, myocardial 
infarction, hypertension, heart failure and aortic stenosis: The 


chief difference occurs in the distribution of recent ‘and, old. 


myocardial infarction. Recent infarction -was present in 15 
percent of patients with and 28 percent of thos without atrial | 


fibrillation, whereas old rayocardial infarction occurred in 62: 


percent of those. with and 46 percent, of those ‘without atrial 
fibrillation. . 

Criteria for embalm. Only Saami arterial PER 
was studied; pulmonary. embolism was not included. The 
initial intent was to enumerate all embolic lesions; large and ` 
small, found.on pathologic examination. However, it:soon - 
became apparent that the majority of splenic and renal-emboli _ 


were clinically silent: Therefore, we studied only symptomatic. ; 


` embolic events that were of sufficient severity to cause death 
- or disability or require surgical intervention. This procedure 
_ ‘was followed i in, a effort to i increase the clinical’ relevance ‘of the. 
- study. : 

The. pathologic criteria for distin were: (1) T 
in the area of an artery occluded by a thrombus in an otherwise ` 
normal vessel free of atheroma, and (2) infarction in the-area ' 

` of a patent artery not appreciably narrowed by atheroma. The 


_ latter interpretation is’ ‘based on the well documented patho- ` 


.logic observation that embolic occluding material in cerebral ~ 


arteries may migrate and undergo lysis ‘leaving no. traceinthe ` y o 


- ‘artery.® This has been confirmed by Dalal et al.!° who dem- 
onstrated ‘with angiography occlusion of cerebral arteries early. ` 
after cerebral embolism ‘and a late return to full patency. 


Lacunar infarcts (pale or cystic infarcts 15 mm of less in-di- ~- 


` ameter in the depths of the brain) were éxcluded, as were cases - 


of 
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FABLE. as rr are lve 
; Cilnical- Findings in Patients With’ lechemic Heart Disease 
"With and Without Atrial Fibrillation (AF) a . 
-eat 77+ Patients WithIschemic Heart Disgase 
e A With AF ~ ~ Without AF - 
ee Lo. = 178) ee = =. 158) . 
ocardial et 
* Infarction . eet : g 
Recent ` : "06 (15%)... "16 (28%) 
Old , 106 (62%) ; -27 (46%) 
Recent + old -17 (10%) > 10 (17%) 
Totals. - 148-(87%) “o 53.(91%) 
Hypertension ast a LR 17 (29%) ` 
Congestive heart Re 
failure 
Severs ass "9 (3%) 
Slight and 36 (21%) S 78 (28%) 
>" moderate 
. Aortic stenosis 1 (6%) > 2 (3%) - 
Mean age (yr) 76 - 








a %) = nies of total number of pions In each casey. 


ie TON T preceding er The brain E 


` not be examined in 90 patients with atrial fibrillation (27 
` percent) or 12 of the control group (21 percent). However, only 


_one clinically symptomatic stroke occurred among these pa- 


.tierits, and this'case was therefore not included in the embolic 


group. Renal infarcts were included only when’ there was siz- 


able infarction pathologically and clinical evidence of conse- 


`+ quent renal failure: Embolism to a peripheral artery was ac- 


-of extensive bowel infarction- ‘involving’ the territory of more ' 


than one major artery.and cases in which Kypotensive, vascular 
insufficiency had occurred clinically. ’ 

Pathologic confirmation of clinically diagnosed: ambolt- 

- events was required i in the case of emboli to the pen and. 


TABLE Vv 


cepted on the basis of pathologic findings, or when a sudden 


".océlusion required surgical embolectomy. The same criteria 


were applied to mesenteric embolism. Embolic events were 


_ excluded if they were known to have Preceded the onset of 
. attial tiprillation:": 7 


Results 


Gyaptomatie embolism (Table IV): The brain was 
involved in 73 percent of cases. The remaining emboli 
involved the mesenteric artery, renal artery, coronary . 
-arteries or.large.arteries of the limbs.-Among patients - 
with atrial fibrillation, symptomatic-arterial embolism 


Was ‘present in'41 percent of thpse with mitral valve 
- disease, 35 percent of those with ischemic heart ‘disease ' 


` and 17 percent of the group with’ “other” disease. Em- 


; olen was i uen cantly more common n among patients ` 























Sites and Incidence of’ symptoms Arterlal Embollem 
IE : . Control Patlénts With 
: : - an: ` Patients With ‘Atal Fibrillation: - Normal Rhythm and : 
ar: wel righ eis tts _ Mitral Valve .- ischemic Heart -:> Mitral Vave F. .. “Other” i ~ Isthemic Heart 

“Symptomatic Sites ,` ~ . Diséase . © _ Diséase_ i _ Ischemic Heart Disease we Disease a - Disease 
Cerebral only ` 17 ~ 30 ei e Be B ian 4 
Cerebral + timb eee: ‘eh. £8 a s1 $ 1 eee 4.0 
. Cerebral + mesenteric . edo 240, 12 4 AO 1 0 
Cerebral + mesenteric + limb `- P| ea 20 eek 0 . 0 
Limb only. moe 5. n3 1004 ep og. ALIN” og 1 -0 
Mesenteric only, >` refa R sis ort r N ga 0 -0 
Mesenterlc + coronary., `~ Pa ee £0. - 0 0 0 
Coronary only et “Qe 0 0: 0 0 
‘Renalonly ~ a!) oe ee 5 E 0. 0 OF 
` Total patients with embolism in.) 29: “59. 1 é 9: a p A 

ae “ (35%) i Tas% (17%) S (7%) 
Embolle deaths toy. : : . 45 en ay 5 8 ` 2 

ie ge% (26%) (199%) - (12%) : _ (3%) 

é 


(6) = percent of total, number of pats in each catagory. 


Aes 
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oe E Ke disease and- atrial brillation’ (35 


percent) than in the cogtrol group with ischemic heart `> 
- disease, but without atrial fibrillation (7-percent) (P - 


<0. 001). It is clear that patients with atrial fibrillation 


and either mitral or ischemic heart disease had a. vug Mees? 


aa incidence rate of embolism. 


I Table ÎI presents’ the incidence: of eabolibnd in the.’ . 
'- subgroups with “other” types of heart disease. Although 


the overall incidence rate was lower than that of patients ~ 


~. with mitral valve or ischémic heart disease with atrial 
. fibrillation, it was. high in two subgroups: those with left - 
ventricular hypertropliy (24 percent) and those with an 


a apparently normal.heart (21-percerit).... ` ~ 


. Deaths due to embolism aré presented i in Table IV. y 


` Twenty-six percent of the patients with atrial fibrilla- 


tion and mitral valve or ischemic heart disease died of. 


` embolism. This figure includes death resulting directly 


. from the embolic event, from secondary complications 


or from surgery necessitated by the event. More than 


pd 90 percent of the patients with symptomatic embolism. 


“were ambulatory before the embolic event. 


Nine patients with atrial, fibrillation had potential l 
sources of emboli unrelated to the arrhythmia. For ex- ` 


. ample; embolism occurred in:'four patients. with a 
`- prosthetic-mitral or aortic, valve. It:was associated with 
marantic.endocarditis in two patients, one with mitral 


_ and one with ischemic heart disease. Embolism to the , 
. lower limba occurred in two patients with ischemic heart 


disease ‘and an abdominal aortic’ aneurysm. Finally, 
’ ‘cerebral embolism occurred in one patient with ischemic 


heart disease and an aortic arch aneurysni with mural. 


thrombus proximal to the origin of the great vessels. - 


' Duration: of atrial fibrillation: In 124 of the 333° 


patients with atrial fibrillation, the. arrhythmia was 


` present on admission and its duration could not be de-- 


i - termined. In the other 209 patients, its duration ranged 
from 1 day to 23 years. Among the 40 patients known to 
” have had atrial fibrillation for less than 3 weeks, there 


were only three symptomatic embolic events, a lower. 


- incidence rate than that of patients with atrial fibril- 
. lation of longer duration. In the remaining patients, 

there was no consistent relation between embolic: events 
‘ ‘and the duration of atrial fibrillation. 

‘Intracardiac thrombus: ‘The finding ` of eal 
thrombus at autopsy was more common in patients who 
also had emboli (51 percént):than in thosé without 
emboli (8 percent). In-all groubs left atrial thrombus was 
more common than left ventricular thrombus (20 versus 
4-percént in patients with atrial fibrillation and 7 versus 


`- 2 percent for control patients with ischemic heart dis- 
` ease). These figures probably underestimate the inci- 


dence of mural thrombus formation, especially in the 
left atrium and appendage where a thrombus may be 
overlooked in routine autopsy examination’ or may, de- 
tach completely when embolism occurs. 

Only 27 of the 333 patients with atrial fibrillation had 
been receiving anticoagulant therapy for more than 2 


weeks; 9 of these had embolic events while receiving’ 


‘warfarin, but information concerning the blood pro- 


3 thrombin values at the time of embolişm was not ob- `: 
- tained. ; i 


~y 


5142 . 


Ț 


~ Eleven patients in. this series andene de 


- cardioversion ahd none had embolic events elated to. A 


' the procedure., 
E Discussion. Bri . 
Arterial embolism in atrial fibrillation one ae 
‘normal sinus rhythm: A high incidence rate (41 per- 


- :cent) of symptomatic arterial embolism in patients with | * 


“atrial fibrillation due to mitral valve disease was again. ~ 


_demonstrated, confirming ‘previous, ‘clinical’ and =~” 


: pathologic-data. However, 35 percent of patients with. 
’ atrial fibrillation due to ischemic heart disease also had `” 
-such embolism. In contrast, in a comparable group:of ` - 


patients with ischemic heart diseasé but without atrial - 


fibrillation the incidence rate was only 7 percent, an. ° 


`- indication that atrial fibrillation as such was the most 


a important factor. in the occurrence of embolism. As. > 


‘expected, the patients with ischemic heart disease with ` 


. ‘atrial fibrillation’ and embolism ¥ were mainly over 70.. 


years of age; that age group, in which ischemic heart Re 
, disease ismostcommon. `- . w 
` Atrial mural thrombi were inion common in ths prot 


- with-fibrillation than in the control group with. ischemic. . 


Pa 


heart disease without atrial fibrillation: Because the two 
_' groups were otherwise comparable i in most respécts, we `. 
. attributed the increased thrombi to the presence of 
atrial fibrillation rather than to an unrelated process.” 
‘In the patients with ischemic heart disease with myo- ° 
cardial infarction, mural thrombus in the left ventricle 


__ could have been a source for embolism. However, this `> 


“ source should have been just as common in the control 
_ group of patients with ischemic heart disease without’ 


` ‘atrial fibrillation. In fact, acuté myocardial ‘infarction, . | 


with its‘potential for mural thrombus was more raven 
in the control group. ` ` E 
‘In many of the patients with israel emboli, ae Š 


-carotid arteries weré not examined or were merely- `. 


me perfused to determine their patency. The carotid arte- 


ries are a potential source of emboli in patients-with ge 
atherosclerotic disease elsewhere. However, if this were . 


_ anumerically important. group, carotid arterial ather- 4 
_ oma should have been a source of embolism just as fré- - 
` quently in.the patients with ischemic heart disease 


without as with atrial fibrillation.» : ois 
The reason for the lesser incidence (17 percent) of 
embolism i in the category of “other” types of heart dis: ~ 


` easeis not apparent. Nevertheless, the analysis of the 


subgroups within this category suggests patients with 
left ventricular hypertrophy: and those. with normal 
. hearts are subject to an important embolic risk-from 
‘atrial fibrillation. The small number of cases may ac- 


_ count for the absence of emboli in the other subgroups. ` ~ 


It is well known, for example, that patients with car- 
diomyopathy: have a ‘significant risk of embolism re ‘ 


- gardless of the atrial rhythm, ll. 


` 


Embolism in this series was not clearly related to the 
. duration of atrial fibrillation. Many of the`patients were- ` 
first noted to have. atrial fibrillation at the time of hos- .. 


" pitalization for an embolic event, and its duration could ea 
- not be determined.. ` l 


Clinical: relevance: The’ ai om an aapi 


_ series such as ours: cannot’ ‘be directly ¢ applied to living - 
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patients. Embolism is likely to be more frequent in an 
t autopsy series than in a group of living patients because 
Mf the high mortality rate of embolic disease. However, 
among patients with atrial fibrillation, embolism was 
almost as common in those with ischemic heart disease 
as in those with mitral valve disease, and it was not 
uncommon in two of the subgroups of patients with 
“other” types of heart disease and atrial fibrillation. 
Therefore, if our postmortem comparisons hold true in 
the clinical setting, the risk of embolism for patients 
with atrial fibrillation due to ischemic heart disease may 
be almost as great as in those whose arrhythmia is due 
_to mitral valve disease. Furthermore, the risk in some 
of the “other” types of heart disease may also be in- 
creased. It is significant that in the prospective Fram- 


EMBOLISM WITH ATRIAL FIBRILLATION—HINT@N ET AL. 
gta 3 


ingham Study reported by Wolf et al.,!? after cases of 
rheumatic disease were excluded, the incidence of stroke 
in those with atrial fibrillation was increased 5.6 
times. 

Clinical implications: Our study indicates a high 
incidence rate of serious embolism in patients with atrial 
fibrillation who come to autopsy, irrespective of the 
presence or-absence of mitral valve disease. Because 
several studies have shown the effectiveness of antico- 
agulant agents in preventing emboli due to atrial fi- 
brillation associated with mitral valve disease,!:!%-15 we 


_ suggest that a trial of anticoagulant therapy be under- 


taken to assess the relation, risks and benefits in pa- 
tients with atrial fibrillation due to ischemic heart dis- 
ease. . 
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_ tricular responses. 


One hundred patients with proved accessory pathways of the Kent bundle . 
type were studied with multiple Intracardiac catheters. During the pro- 
cedure 16 had atrial fibrillation. Two patterns of Induction of atrial fibril- 
lation were noted. In most patients an earlier than expected atrial de- ` 
flection appeared in one of the atrial recordings and was followed by atrial . 
flutter (cycle length less than 220 msec) or atrial fibrillation ether im- 
mediately or after a brief perlod of acceleration of atrial rate. In a few 
patients, Intraatrial conduction delay, manifested as 2:1 block or - 
Wenckebach block from the right to the left atrium or vice versa, occurred 
before the onset of atrial fibrillation. The incidence of atrial fibrillation was 
not statistically related to any assoclated cardiac abnormalities. A sig- 
nificantly large incidence of ventricular fibrillation was recorded In patients , 
who had documented atrial fibrillation either before admission or during 


the catheter study. 


w 


This paper describes the electrophysiologic events associated with the 
onset of atrial fibrillation during multicatheter intracardiac studies of 
a large group of patients with Wolff-Parkinson-White syndrome. Al- 
though the preexcitation syndrome is more commonly associated with . 
reciprocating tachycardia! than with atrial fibrillation, the latter may: 
pose a threat to life for some persons when it is associated with rapid i 
ventricular responses and ventricular fibrillation.? This situation-occurs 
when atrioventricular (A-V) conduction is predominantly over an ac- ` 
cessory pathway with a short refractory period, thus bypassing the 
normal impulse-limiting function of the A-V node. Clinical studies have 
correlated the antegrade refractory period of the accessory pathway with 
the shortest and the average ventricular cycle length responses in atrial. 
fibrillation. It is not known whether there is a greater than expected’ 
incidence of atrial fibrillation in the Wolff-Parkinson-White syndrome - 


` or whether persons with this arrhythmia are brought to medical attention ' 


by the chance presence of an accessory pathway that allows rapid ven- 


Material and Methods sit 


Patient population: One hundred fifteen patients with documented tachy- 
arrhythmias or a history of palpitations were studied with multiple endocardial , 
catheters at this center from March 1968 to March 1976: The studies were per- 
formed to demonstrate the participation of an accessory atrioventricular (A-V) 
muscle bundle (Kent bundle)® in the arrhythmia. A diagnosis of the Wolff- 
Parkinson-White syndrome was made in 95 patients who had typical delta waves- 
recorded in electrocardiograms taken during sinus rhythm; 8 patients had an 
accessory pathway that conducted only in the retrograde direction.” Three of 
these 103 patients with accessory pathways were excluded from analysis because 


` they underwent only limited studies that did not clearly establish the location 


of the bypass tract. The remaining 100 patients formed the study population. 
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Study protocol: Appropriate informed patient consent was 
. obtairred before study. Our protocol for investigation of pa- 
E with Wolff-Parkinson-White syndrome has been pre- 
iously described.8 Surface electrocardiograms and endo- 
cardial electrograms were simultaneously recorded on mag- 
netic tape at a rate of 3 3/4 inches/sec (9.3 cm/sec) and were 
also reproduced on paper at speeds of 100 or 200 mm/sec with 
a Mingograf 800 eight channel ink jet recorder. In most cases 
simultaneous atrial electrograms were available from the low 
lateral or the high right atrium, the septal atrium (as recorded 
from the His bundle catheter) and the left atrium (as recorded 
from the coronary sinus catheter). All measurements of local 
atrial activity were made to the first fast deflection of the 
electrogram. 

As part of the routine assessment of these patients atrial 
fibrillation was deliberately induced by rapid right atrial or 
coronary sinus pacing. These episodes are not considered in 
this study. Atrial fibrillation or atrial flutter occurring in 
relation to known catheter movement within the heart was 
also excluded. All other situations in which atrial fibrillation 
or rapid atrial flutter (cycle length 220 msec) occurred were 
analyzed. 

The diagnosis of reciprocating tachycardia using an ac- 
cessory pathway was made if one or more of the following 
criteria were satisfied: 

1. Eccentric atrial activation was demonstrated during 
endocardial catheter mapping.® 

2. Bundle branch block in the ventricle containing the ac- 
cessory pathway increased the ventriculoatrial conduction 
time during reciprocating tachycardia by 25 msec or more than 
the same measurement made during reciprocating tachycardia 
with a normal QRS configuration. This criterion cannot be 
applied to patients with bypass tracts peed) in the sep- 
tum. 

3. Premature ventricular EEEE E EN introduced 
during reciprocating tachycardia at a time when the bundle 
of His was refractory, preexcited the atrium.!° 
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TABLE | oe g 
Method of Initlating Atrial Fibrillation In 16 Patients* 
. Patients 

no.” % 
Spontaneously from reciprocating tachycardia 10 63 
Atrial pacing during reciprocating tachycardla 8 19 
Straight right ventricular pacing 4 25 
Premature ventricular contractlon during 1 6 


reciprocating tachycardla 


* The arrhythmia was induced by more than one method In some 
patients. 


Results 


Prehospital atrial fibrillation: Twenty-two of the 
100 patients were documented to have had an episode 
of atrial fibrillation before admission to this hospital. 
Many of the remaining patients gave a clinical history 
of irregular palpitations suggestive of atrial fibrillation, 
but the arrhythmia was not recorded. 

Incidence of atrial fibrillation during electro- 
physiologic study: Sixteen patients had one or more 
episodes of atrial fibrillation or atrial flutter (atrial cycle 
length less than 220 msec) during the electrophysiologic 
study. Only six of these patients had had atrial fibril- 
lation documented before admission. A further five 
patients gave a history of irregular palpitations but 
without electrocardiographic evidence of atrial fibril- 
lation. Table I lists the methods by which the arrhyth- 
mia was induced during the study. In the most frequent 
situation (10 patients; 63 percent of this group) atrial 
fibrillation developed during an induced episode of re- 
ciprocating tachycardia (Fig. 1 to 3). 
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FIGURE 1. Atrial fibrillation occurring during reciprocating tachycardla. In the latter part of the record, there is interatrlal dissociation with atrlal flutter 
recorded In the left atrium.and atrial fibrillation recorded In the right atrium. HBE = His bundle electrogram; HRA = high right atrium; PCS = proximal 


coronary sinus. 
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FIGURE 2. Atrial fibrillation occur- 
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Figure 1: An established reciprocating tachycardia (cycle 
length 275 msec) with a normal QRS configuration and ec- 
centric ventriculoatrial activation from the distal coronary 
sinus to the high right atrium is shown. A depolarization ap- 
pears in the high right atrial recording 15 msec earlier than 
expected and starts a flutter rhythm in this site with atrial 
activation pow spreading from the high right atrium to the 
distal coronary sinus. The QRS configuration is normal apart 
from a single right bundle branch block complex. A flutter 
rhythm continues in the distal coronary sinus recording, but 
atrial activity becomes disorganized in the recording from the 
high right atrial catheter. Thereafter, the ventricular response 
becomes irregular. In a later part of the recording preexcited 
QRS complexes appeared. The atrial rhythm continues with 
apparent atrial fibrillation in the high right atrium and block 


AMA ae a 


. low lateral right atrlum; RV = right 
ventricle; other abbreviatlons as In 
-Figure 1. 


200 m msec . 


to the left atrium where there is atrial flutter (cycle length 190 
msec). 

Figure 2: This is a second example of atrial fibrillation oc- 
curring during a reciprocating tachycardia. There is a recip- 
rocating tachycardia (cycle length 245 msec) with a right 
bundle branch block pattern of the QRS complex and eccen- 
tric ventriculoatrial activation from the proximal coronary 
sinus to the low lateral right atrium. The tracing from the low 
lateral right atrium shows.a premature atrial complex that 


occurs 120 msec earlier than expected but does not disturb the 


subsequent spread of activation from the proximal coronary 
sinus. However, a further early atrial depolarization with a 


-coupling interval of 90 msec seen in the low lateral right atrium 
blocks the excitation from the next proximal coronary sinus 


depolarization. The rhythm in the low lateral right atrium 
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FIGURE 3. Atrial fibrillation occur- 
ring during reciprocating tachycar- 
dia with a right bundle branch block 
configuratlon of the QRS complex. 
Intraatrial Wenckebach block be- 
tween the atrium recorded by the 
catheter in the His bundle electro- 
gram and that recorded by the low 
lateral right atrial catheter. Abbre- 
viations as In Figures 1 and2. > 
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breviations as In Figures 1 and 2. 


accelerates and disorganizes with disorganization of the 
proximal coronary sinus recording somewhat later. Preexcited 
QRS complexes then appear in the surface electrocardio- 
graphic lead. 

Figure 3: This is another example of intraatrial block or 
delay. A reciprocating tachycardia (cycle tength 250 msec) 
with a QRS pattern of right bundle branch block is shown; the 
earliest retrograde atrial activity appears in the His bundle 
electrogram and spreads to the proximal coronary sinus. There 
is probable Wenckebach block of atrial conduction to the low 
lateral right atrium, where previously a stable 2:1 block to the 





` low lateral right atrium had been observed. An atrial depo- ` 
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FIGURE 5. Initiation of atrial fibril- 
lation by right ventricular pacing at 







a cycle length of 240 msec; 1:1 dan T tj 
retrograde conduction occurs at this é 

cycle length. Abbreviations as in | 

Figures 1 and 2. 
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| FIGURE 4. Initiation of atrial fibril- A E | i p H i ’ ; 
K lation by pacing in the coronary 1 ve i i l f 
sinus during reciprocating tachy- - al - Eni : 
cardia. See text for discussion. DCS 9 S> 5 s S S S 200 meee 
= distal coronary sinus. Other ab- S-S* 250 msec 


larization appears in the His bundle electrogram 20 msec 
earlier than anticipated; thereafter the rhythm accelerates and 
becomes disorganized. The proximal coronary sinus atrial 
- activation follows but there is continued intraatrial delay to 
the low lateral right atrium. The flutter cycle length recorded 
from the proximal coronary sinus shortens to 200 msec and 
becomes irregular. The QRS complexes in lead V are preex- 
cited and their configuration is identical to that of the QRS 
complexes in lead V; in 12 lead electrocardiograms recorded 
before study during sinus rhythm. 
Figure 4: In three patients atrial pacing, started during a 
reciprocating tachycardia in an attempt to stop the arrhyth- 
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FIGURE 6. Initiation of atrial fibrillation ey asingle EAEE ventricular r depolarization induced mepe ioraa PONA DCS = distal coronary 


sinus; other abbreviations as In Figures 1 and 2. 


mia, had the effect of inducing atrial fibrillation. In Figure 4 
coronary sinus pacing (cycle length 250 msec) was started 
during a reciprocating tachycardia (cycle length 295 msec 


_before pacing) in which the earliest ventriculoatrial activity 


occurred in the coronary sinus. The pacing captures the atri- 
um for a time with ventriculoatrial dissociation, but earlier 
than anticipated complexes appear in the low lateral right 
atrium and accelerate, becoming disorganized and resulting 


in a flutter-like rhythm that is variably conducted to the His ' 


bundle efectrogram and the distal coronary sinus. 

Figure 5: Right veritricular pacing initiated atrial fibrilla- 
tion in four patients (17 percent). Figure 5 shows regular right 
ventricular pacing (cycle length 240 msec) with 1:1 retrograde 
conduction to the atrium with nearly identical ventriculoatrial 
times to the low lateral right atrium, His bundle electrogram 
and proximal coronary sinus. A depolarization that is 30 msec 
premature appears ih the low lateral right atrial tracing and 
one 35 msec premature in the His bundle electrogram re- 
cording. The atrial deflection in the proximal coronary sinus 
occurs at the expected time. Atrial fibrillation ensues imme- 
diately after this premature atrial depolarization. 

Figure 6: Atrial fibrillation was induced by a premature 
ventricular contraction programmed to occur during recip- 
rocating tachycardia in one patient (Fig. 6). There is a recip- 
rocating tachycardia (cycle length 270 msec) with ventricu- 


TABLE Il 


Characteristics of 100 Patients With Wolff-Parkinson-White 
Syndrome With and Without Atrial Fibrillation 


With Atrial Without Atrial 
Fibrillation Fibrillation 
{32 patients) (68 patlents) 
Age (yr)* 35.5 + 14.1 37.2 + 16.0 
Sex 24M, 8F 47M, 21F 
Pathway location 
Right 6 19 
Left 18 32 
Septal 8 14 
Multiple 2 3 





* Mean + standard deviation. 


` joatrial activation from the His bundle septum to the low 
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lateral right atrium and distal coronary sinus. The QRS con- 
figuration is normal. A single right ventricular premature 
impulse is entered at a coupling interval of 220 msec. This - 
shortens the atrial cycle lengths, and thereafter the rhythm’ 
recorded from the low lateral right atrium and His bundle 
septum accelerates and later becomes irregular. A flutter 
pattern is recorded from the distal coronary sinus. A further 
premature ventricular contraction is delivered but by that 
time the arrhythmia is already established. 

Overail incidence of atrial fibrillation: Thirty-two pa- 
tients (32 percent of the study group of 100 patients) had atrial 
fibrillation documented either before admission to our center 
or during electrophysiologic study. This group of patients with 
documented atrial fibrillation was not statistically different 


` in terms of age, sex or location of accessory pathway from the 


68 patients who did not have atrial fibrillation (Table II). 
Cardiac abnormalities other than Wolff-ParKinson-White 
syndrome were found in 23 of the.32 patients (Table IT). 
There was no significant preponderance of conditions com- 
monly associated with atrial fibrillation in the patient group 
with this arrhythmia. 


TABLE Ill 


Associated Diagnosis in 100 Patients With Wolff-Parkinson- 
White Syndrome With and Without Atrial Fibrillation 


With Atrial Without Atrial 
Fibrillation Fibrillation 
(32 patients) (88 patients) 
. Ballooning mitral valve 0 5 
Ebsteln’s anomaly 1 3 
Cardiomyopathy 1 3 
Rheumatic heart disease 
Mitral alone 1 1 
Aortic alone 1 0 
Mitrai + aortic 0 1 
Coronary artery disease 0 2 
-Hypertension 1 1 
Chronic bronchitis 1 0 
Single ventricle 0 1 
Total 6 17 











i 


Incidence of ventricular fibrillation: Eight of the 32 


e patiefits showing atrial fibrillation had at sme time a docu- 


e 68 patients not noted to have atrial fibrillation. This as- 
sociation is statistically significant (P <0.02). 


bn: i Npe ented episode of ventricular fibrillation compared with 4 of 


Postoperative atrial fibrillation: Of the 10 patients who 


were observed in the laboratory to have atrial fibrillation occur 
during reciprocating tachycardia, 7 had undergone attempted 
surgical division of their accessory pathway and 1 had division 
of the bundle of His. Six patients had successful bidirectional 
block of the accessory pathway achieved at operation and four 
of these patients had no postoperative arrhythmias and are 
. taking no medications. Two of these six patients continued 
to have intermittent atrial fibrillation in the postoperative 
period and are taking digitalis. One patient (reported on in 
detail in Reference 7) had successful antegrade block of the 
accessory pathway achieved but had persistent retrograde 
conduction. This patient continues to take antiarrhythmic 
agents and has had no postoperative atrial fibrillation. The 
single patient who underwent operative division of the bundle 
of His and implantation of a permanent pacemaker is taking 
quinidine and has had no postoperative arrhythmias. 


Discussion 


These results describe a large incidence of atrial fi- 
brillation associated with the preexcitation syndrome. 
This arrhythmia was observed in 32 percent of the study 
population, which was selected by virtue of referral to 
this center. Previously reported incidence rates range 
from 10 to 23 percent.?-1!-17 Our study did not identify 
those patients who experienced atrial fibrillation and 

came to medical attention only becatise of a fast ven- 
tricular response related to conduction over an accessory 
pathway. It is unlikely that the atria of patients with 
Wolff-Parkinson-White syndrome are less susceptible 
to the various causes of atrial fibrillation seen in other 


patient populations, but we did not find a high preva- - 


lence rate of such conditions as mitral stenosis, clinical 
hyperthyroidism, ischemic heart disease or ballooning 
mitral valve. 
Initiation of atrial fibrillation during recipro- 
cating tachycardia: Our study illustrates that in some 
‘ patients the accessory pathway may be involved in the 
initiation of atrial fibrillation. It may support a recip- 
rocating tachycardia that, with the associated me- 
chanical and circulatory features of atrial stretch and 
hypoxia, may lead to disorganization of the atrial 
rhythm.18 
The electrical recordings of the change from a recip- 


rocating tachycardia to atrial fibrillation showed two’ 


methods of initiating the fibrillation. During recipro- 
cating tachycardia a premature atrial complex appeared 
from which there was acceleration and irregularity of 
the atrial rhythm. It is conceivable that in these cases 
the cycle length of the reciprocating tachycardia was 
close to the length. of the “vulnerable period” or func- 
tional refractory period of the atrium and that any 
premature atrial contraction that is able to propagate 
may stimulate repetitive firing or initiate intraatrial 
reentry.31%-21 The method of appearance of the first 
premature atrial contraction itself was not clarified by 
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the recordings. There are foyr possibilities: (1) It may 
be that intermittent retrograde conduction over a sec- 
ond accessory pathway with faster conduction allowed 


- an early atrial depolarization. This is unlikely unless the 


second pathway was situated very close to the first, thus 
producing results of the electrophysiologic study con- 
sistent with only a single functional accessory pathway. 
Only two patients in the group with atrial fibrillation 
were known to have double accessory pathways, and in 
these cases the location of each pathway could be well 
defined. (2) Another explanation for the appearance of 
a premature atrial contraction is a local reentry mech- 
anism in the region of the accessory pathway and its 
insertion in the atrial mass.?? This method of onset of 
atrial fibrillation has been reported in patients in the 
absence of a known Kent bundle.?*-4 (3) A third pos- 
sibility is that the early atrial depolarization was an echo 
originating in the A-V node. In Figure 1 this mechanism 
is unlikely because the early atrial depolarization was 
first recorded from the high right atrium. However, in 
the other examples, the early event was seen in the re- 
cording from the low lateral right atrium and could 
represent an A-V nodal echo, although in each case . 
there had been no indication of increasing A-V nodal 
delay before the event. (4) The final possibility is that 
the early events were caused by catheter movement. We 
excluded those situations in which we were aware that 
atrial fibrillation was related to catheter manipulation 
but we cannot definitely exclude the possibility that 
smaller catheter movements within the heart were re- 
sponsible for the early atrial depolarizations." 

Atrial fibrillation and intraatrial conduction 
delay (reentry): In some patients atrial fibrillation had 
a different mechanism. The reciprocating tachycardia 
was intermittently accompanied by intraatrial con- 
duction delay that was associated with the induction of 
repetitive atrial activity leading to atrial fibrillation. 
The disorganization of atrial rhythm appeared to occur 
when many beats were conducted with progressive delay 
and then block appeared or during more advanced de- 
grees of block as in 2:1 block, usually in the cycle in . 
which block occurred. High grade block and Wencke- 
bach phenomenon in the atrium have been described 
previously.”5:26 It is possible that reentry in the atrial 
muscle occurring because of slow conduction and uni- 
directional bfock might be the ultimate mechanism in 
the onset of atrial fibrillatien.2* The high incidence rate 


- of intraatrial conduction delay in these patients may be 


physiologic and related to the rapid rates and the mul- 
tiple inputs into the atrium from the accessory pathway, 
sinus node and premature beats. 

Atrial fibrillation occurring with atrial pacing 
during reciprocating tachycardia: Such episodes are 
more easily explained because premature atrial depo- 
larizations were caused by the stimulator. Atrial fi- 


-brillation occurring with right ventricular pacing 


showed the utilization of retrograde conduction to the 
atrium over both the A-V node and the accessory 
pathway. The role of the accessory pathway is well 
demonstrated in Figure 6 in which the right ventricular 
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premature contraction is ggnducted to the atrium over 
the accessory pathway with initiation of atrial fibrilla- 
tion. 

Surgical implications: These data suggest that al- 
though ‘the accessory pathway in the Wolff-Parkin- 
son-White syndrome and atrial fibrillation may be un- 
related in sqm patients, it is likely that the accessory 
pathway contributes to the large incidence of atrial fi- 
brillation seen in this population group. It is well es- 
tablished that surgical division of accessory A-V con- 
nections and removal of a necessary component for a 


reciprocating tachycardia circuit abolishes this ar- 
rhythmia.® It is possible that patients so treated will . 
thereafter be at lower risk of having atrial fibrillation / 
because of removal of the Kent bundle but they will 
remain subject to other extraneous factors known to 
cause atrial fibrillation, including cardiac surgery itself. 
Indeed, four of the six patients in this series who had 
successful bidirectional block of the accessory pathway 
achieved at operation have had neither atrial fibrillation 
nor reciprocating tachycardia in the postoperative pe- 
riod. , : ; oar: 
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The mechanism of the abbreviated atrioventricular (A-V) nogal conduction 
time and paroxysmai supraventricular tachycardia in the Lown- 
Ganong-Levine syndrome was evaluated in six patients. In each the A-H 
Interval Increased In response to rapid atrial pacing and atrial extrastimull; 
typical dual A-V nodal pathways were demonstrated. In five patients 
studied at two cycle lengths profongation of conduction and refractoriness 
of the “fast” pathway was noted at the shorter basic cycle length. Pro- 
pranolol prolonged conduction and refractoriness of the “fast” pathway 
In three patients and in one produced Wenckebach conduction during atrial 
pacing which did not occur prior to Its administration. In three patients 
the atrium did not appear necessary to sustain supraventricular tachy- 
cardia. These findings suggest that preferential rapidly conducting A-V 


_nodal fibers and Intranodal reentry are the responsible ‘mechanisms in 


those patients with Lown-Ganong-Levine syndrome and reciprocating 
tachycardia. 


Since the original description of the relation between a short P-R in- 
terval, normal QRS and paroxysmal supraventricular tachycardia by 
Lown, Ganong and Levine,! most investigators have attributed these 
findings to the presence of an atrioventricular (A-V) nodal bypass tract. 
Intracardiac recording and stimulation techniques?! have demonstrated 
that the short P-R interval is due to abbreviated A-V nodal conduction 
time, manifested by a short A-H interval. Patients with these findings 
also have an abnormal (“blunted”) response to rapid atrial pacing; most 
patients have some prolongation of A-V nodal conduction, but less than 
normal; a few have no prolongation at all.2® ° 

The mechanism of supraventricular tachycardia i in most patients with 
a normal P-R interval has been shown to be A-V nodal reentry utilizing 
both “fast” and “slow” A-V nodal pathways.”.8 Utilization of such a “fast” 
intranodal pathway provides an alternative mechanism for the findings 
that characterize those p&tients with reentrant supraventricular 
tachycardia and the Lown-Ganong-Levine syndrome. This study was 
undertaken to elucidate whether an A-V nodal bypass tract or prefer- 
ential rapidly conducting A-V nodal fibers are Teaponaibie for these 
manifestations. 


Methods and Materlals 


Six patients with the Lown-Ganong-Levine syndrome were studied in the 
nonsedated postabsorptive state after informed consent was obtained (Table 
J). Each had a short P-R interval (120 msec or less), short A-H interval (60 msec 
or less), normal QRS complex, blunted A-V nodal response to atrial pacing” 
and reentrant supraventricular tachycardia. Cardioactive drugs were withheld 
48 hours before the study. 

In each patient electrode catheters were introduced percutaneously through 
femoral or antecubital veins, or both, and fluoroscopically positioned in the right 
atrium and the standard His bundle position. In four patients an additional 
catheter was positioned in the coronary sinus. The intracardiac electrograms ; 
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were simultaneously displayed with multiple surface elec- 
trocgrdiographic leads and time lines on a multichannel os- 
cilloscope (Electronics for Medicine DR16). The data were 
also relayed:‘through matching amplifiers to a 14 channel 
Hopeywell tape recorder where it was stored for later retrieval 


TABLE | 


on photographic paper. Data were recorded at paper speeds 


of 150 to 200 mm/sec. , 
Programmed atrial stimulation was carried out duringf =, Fa 
sinus rhythm or during atrial pacing, or both, using a cus- ‘ 


tom-designed digital stimulator capable of delivering impulses 





Patient Data 
& “Fast” Pathway Effective 
Case Age (yr) AH Interval (msec) Refractory Period (msec) 
no. - & Sex Cardlac Diagnosis NSR CL400 CL ERP 
1 17F - Mitral valve prolapse 60 115 ; -~ 600 275 
3 i 450 295 
2 . 28F Mitral valve prolapse 50 100 ` 600 250- 
: : 550 280 
3 . 40M None 55 120 600 -380 
4 23M ' None 60 120-SVT* - 600 . 390 
500 420 
| 5 37F Mitral vaive prolapse 50 125-SVT* 600 300 
: 500 360 
6 45F None 60 130 750 290 
600 ' 310 1 


i? 





500 


400 





300 


A’H’ 
msec 
200 


100 


200 











* Initial A-H Interval before development of block In the ‘‘fast’’ pathway and initiation of supraventricular tachycardia (SVT). 
CL = cycle length; ERP = effective refractory period; NSR = normal sinus rhythm. . 


oN 


300 ; 400 500 


AA’ msec 
| FIGURE 1. Case 2. Dual pathway response to atrial premature depolarizations. The coupling Interval of the atrial premature depolarizations (AA’) 
; ls shown on the abcissa and the resuiting A-H interval (A'H’) on the ordinate. As the coupling interval shortens, the A’H! Interval gradually increases 


interval to 330 msec as ‘‘fast pathway" refractoriness Is reached, resulting In “slow pathway’ conduction (upper data points). Supraventricular, 


as conduction proceeds along the ''fast” pathway (lower data points). At a critical AA’ Interval of 280 msec, there Is a marked Jump of the A’H’ 


f ‘tachycardia (SVT), shown In open circles, appears at a critical A’H' Interval of 380 msec during antegrade “slow pathway" conduction. 


v 
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at 1 msec intervals through an optically isolated constant 


« curreht source (Bloom Associates, Inc., Narberth, Pennsyl- 


vania). The extrastimulus technique was utilized so that after 
every eighth sinus or paced beat an atrial premature depo- 
larization was delivered at progressively premature intervals 
of 10 msec decrements until atrial refractoriness was reached. 
In five patients studies were carried out at two cycle lengths, 
and in three patients studies were repeated after propranolol, 
0.1 mg/kg, was administered intravenously. In each patient 
a concealed A-V bypass tract was ruled out by the appearance 
of retrograde atrial activation before the onset of the QRS 
complex. Furthermore, in four patients careful mapping of 
multiple left atrial sites by way of the coronary sinus and 
multiple right atrial sites along the tricuspid anulus confirmed 
a normal sequence of retrograde atrial activation during su- 
praventricular tachycardia. 

Electrophysiologic studies: To analyze the nature of the 
short P-R interval and supraventricular tachycardia in this 
syndrome, the following electrophysiologic parameters were 
evaluated: (1) The mode of initiation of supraventricular 
tachycardia, with particular attention paid to the demon- 
stration of dual A-V pathways; such a response is a charac- 
teristic feature of A-V nodal reentrant supraventricular 
tachycardia.78 (2) The response of conduction and refracto- 
riness of the “fast” pathway to changes in the cycle length. A 
direct relation of conduction and refractoriness to drive cycle 
length is the expected response of a bypass tract, whereas A-V 
nodal tissue behaves in an opposite manner. 1! (3) The effects 
of propranolol on conduction and refractoriness of the “fast” 
pathway. Propranolol has not been demonstrated to have any 
effect on the bypass tract operative in the Wolff-Parkinson- 
White syndrome or on atrial, His-Purkinje or ventricular 
tissue in man.1213 However, it does prolong both conduction 
and refractoriness of A-V nodal tissue.!? (4) The requirement 
of the atrium to sustain supraventricular tachycardia. If an 
A-V nodal bypass tract is functinally present, the atrium 
would form part of the reentrant circuit and would, therefore, 
be required to sustain supraventricular tachycardia. This 
would not be so if reentry were intranodal.!4 To assess the 
requirement of the atrium, atrial depolarizations were intro- 
duced during supraventricular tachycardia. Capture of re- 
corded atrial tissues without affecting the tachycardia was 
considered presumptive evidence that the atrium did not 
participate on the reentrant circuit. 


Results 


1. Response to atrial premature depolarizations 
and mode of initiation of supraventricular tachy- 
cardia: In each patient typical dual A-V nodal curves 
were noted in response to atrial premature depolariza- 
tions (Fig. 1). At longer coupling intervals conduction 
proceeded over the “fast” pathway until a critical cou- 
pling interval was reached when refractoriness of the 
“fast” pathway was encountered and conduction then 
occurred over the “slow” pathway. Supraventricular 
tachycardia was only produced during antegrade “slow” 
pathway conduction. In each case there was an increase 
of 50 to 75 msec in A-H intervals during “fast” pathway 
conduction. In no patient was the “fast” pathway curve 

flat. 

2. Effect of cycle length of “fast” pathway con- 
duction and refractoriness: In each of the five pa- 
tients studied at two cycle lengths, conduction and re- 
fractoriness of the “fast” and “slow” pathway were 


“prolonged at shorter basic cycle lengths (Fig. 2). This 


inverse relation to cycle length resulted in a longer A-H 
interval at every atrial premature depolarization cou- 
pling interval, and an increase of 20 to 60 msec of “fast” 
pathway refractoriness at the shorter ‘basit cycle 
length. : ae 

3. Effect of propranolol on “fast” pathway con- 
duction and refractoriness: In three patients (Cases 
1, 3 and 6) given propranolol the basal A-H interval ` 
during sinus rhythm as well as the A-H response to 
atrial premature depolarizations was increased after the 
drug was administered. In Case 3 the A-H interval 
changed from 55 to 180 msec (Fig. 3). Refractoriness of 
the “fast” pathway was also prolonged by propranolol 


» 
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FIGURE 2. Case 4. Effect of cycle length (CL) on response to atrial 
premature depolarizations. The coupling interval of atrial premature 
depolarizations (A;A2) Is shown on the abcissa and the resulting A-H 
interval (A2H2) on the ordinate. Data from studies performed at a basic 
cycle length of 600 msec are shown In circles, and those from studies 
performed at 500 msec in triangles. At every A,AzQ interval, the AgH2 
interval Is longer at the shorter drive cycle length. The effective re- 
fractory period (ERP) of the "fast" pathway Is prolonged by 30 msec 
(arrow) at a drive cycle length of 500 msec. SVT = supraventricular 
tachycardla. 


October 1977 The American Journal of CARDIOLOGY Volume 40 523 








TACHYCARDIA IN LOWN-GANONG-LEVINE|S YNDROME—JOSEPHSON AND KASTOR 
4 ‘ : : 


CONTROL 





by 45 and 50 msec in ‘Cases i and 6 Fig 4). In two pa- 
tients (Cases 1 and 3) propranolol almost, normalized 
the blunted response to atrial pacing and in Case 3 it 
produced a dual pathway pattern and A-V nodal 


Wenckebach conduction, neither of which was present 


prior to drug administration (Fig. 5). i 
4. Requirement of the atrium to sustain supra- 
ventricular tachycardia: In three patients (Cases 1, 


2 and 5) the atrium was shown ‘not to be part of the . 


reentrant circuit. In one of the three (Case 5), pacing 
from either the high right atrium or coronary sinus could 


depolarize parts of the atrium by as much as 130 msec ` 
without affecting the tachycardia (Fig. 6). In the same ~ 
case tratisient A-V dissociation was produced without ` 


interrupting the tachycardia (Fig. 7). 
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FIGURE 3. Case 3. Effect of propran- 
olol on the A-H interval. From top to 
bottom are lead Il, a high right atrial 

` electrogram (HRA), coronary sinus 
electrogram (CS), His bundle eléctro- 
gram (HBE), right ventricular electro- 
gram (RV) and time lines (T). On the left 

_ is a control sinus beat demonstrating an 
` A-H Interval of 55 msec. After pro- 
pranolol, 10 mg Intravenously (Iv), the 
basal A-H interval ‘Increased to 180 


$ 


Discussion 


‘An atrioventricular (A-V) nodal bypass tract has been 
‘assumed to beresponsible for the short P-R interval, 
abbreviated A-V nodal conduction time and supra-. 
. ventricular tachycardia in the Lown-Ganong-Levine 
syndrome. 2-6, Therefore, supraventricular tachycardia 
in this syndrome is thought to be due to atrionodal 
‘reentry (that is, involving both the atrium and A-V 
node). Although intracardiac recordings in patients with 
the Lown-Ganong-Levine syndrome and reciprocating 
tachycardia have démonstrated a short or borderline 
A-H interval and blunted A-V nodal response to rapid 
atrial pacing, the possibility that these findings could 
be attributed to rapid jamaica intranodal fibers; and 


è control, 
4 propranolol 


FIGURE 4. Case. 1. Effect of propranolol on response to 
atrial premature depolarizations. The panel is organized 
in the same manner as Figures 2-and 3. The control re- 
sponse is noted by circles, and that after propranolol In 
trlangles. At every A,Az2 Interval, the AgH2 Interval along 
_both “fast and “slow” pathways Is greater after pro- 
pranolol. Furthermore, the refractory period (ERP) of the 
-“fast"’ pathway Increased 45 msec after propranolol 
(arrow). x 
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` S - 300 


200 
FIGURE 5. Case 3. Effect of propran- . 
olol on response to atrial pacing. The 
atrial paced cycle length (BCL) is shown 
on the abcissa and the resulting A-H 
interval ordinate. During the control 
studies (closed circles), a small but 100 
gradual Increase In A-H intervals occurs 

in response to rapid pacing. After pro- 

pranolol (trlangles) at any paced atrial 

cycle length the A-H is longer and A-V 

nodal Wenckebach (W) conduction 

appears. In addition, the marked Jump 


AH m sec. 





msec suggests dual A-V nodal path- 
ways. 


that reentry is entirely intranodal, has not been ex- 

| cluded. . 
Differentiation of A-V nodal bypass tract and 
rapidly conducting intranodal pathway: In this 
study we analyzed four electrophysiologic responses 
that could help differentiate between an A-V nodal 
bypass tract and a rapidly conducting intranodal 
“pathway.” These were: (1) the presence or absence of 
dual A-V nodal pathways; (2) the response of the “fast” 
pathway” to changes in basic drive cycle tength; (3) the 
response of the “fast pathway” to propranolol; and (4) 
the requirement of the atrium for the maintenance of 
supraventricular tachycardia. In each category the “fast 


mv, 
A 
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| in A-H Interval at a cycle length of 400 300 


i) : 


| FIGURE 6. Case 5. Lack of atrial requirement to sustain supraventricular tachycardia. From top to bottom are recorded leads |, aVF (F}, V1, high right 
A atrial electrogram (HRA), coronary sinus electrogram (CS), His bundle electrogram {HBE) and time lines. (T). Supraventricular tachycardia ts present 
at a cycle length of 370 msec. The onset of retrograde atrial activation (A) Is earllest in the His bundle electrogram and precedes the QRS complex, 
thus rullng out the possibility of a concealed A-V bypass tract. After the second beat a premature atrial stimulus (S) is delivered from the coronary 
sinus at a coupling interval of 260 msec. This results In atrial depolarization as recorded in the high right atrial, coronary sinus and His bundle elec- 
trograms 70, 110 and 65 msec, Curespectively, before the time the spontaneous atrial echo (A) would have appeared without altering the tachycar- 
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pathway” behaved like A-V nodal tissue; that is, classic 
dual A-V nodal curves were seen in all six patients, there 
was inverse relation of drive cycle length to conduction 
and refractoriness of the “fast” pathway in five patients, 
propranolol prolonged conduction and refractoriness 
of the “fast” pathway in three patients, and the atrium 
was not required to sustain supraventricular tachycar- 
dia in three patients. These findings are identical to 
those previously described in patients with a normal 
P-R interval and typical intranodal reentramt supra- 
ventricular tachycardia.7.9:14,15 

Previous investigations and relation to present 
study: Although virtually all investigators have shown 
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FIGURE 7. Case 5. Production of A-V dissociation during supraventricular tachycardia. The panel is arranged as In Figure 6. The His bundle catheter 
has moved slightly, so that only atrlal (A) and ventricular (V) complexes are recorded. After the second beat a premature atrial depolarization (Ap) 
Is delivered from the high right atrium at a coupling Interval of 185 msec. This Impulse penetrates the reentrant circult manifested by a change 
In the cycle length of the tachycardia. Before the next QRS complex, a P wave (heavy arrow) with a configuration and activation sequence identical 
to those of the sinus beat appears. If one assumes that the H-V Interval is unchanged from normal (50 msec), the atrial electrogram recorded In 
the His bundle electrogram appears at the same time that the spontaneous deflection would have appeared; therefore, this P wave could not have 


conducted. Thus, although the premature atrial depolarization penetrated the reentrant circult and there is a Subsequent perlod of A-V dissociation, 





the tachycardia continues. 


? 

a blunted A-V nodal response to atrial pacing in patients 
with the Lown-Ganong-Levine syndrome, there have 
been only a few reports of patients without any signifi- 
cant change in the A-H interval (10 msec or less).23:5 In 
none of these patients was reciprocating supraventric- 
ular tachycardia able to be induced? in the absence of 
a concealed A-V bypass tract (Kent bundle). All pa- 
tients in whom supraventricular tachycardia could be 
induced demonstrated some increase in A-H interval 
in response to atrial pacing or extrastimuli. Our data 
confirm the finding that the ability to induce supra- 
ventricular tachycardia is associated with the ability to 
prolong conduction over the “fast” pathway. 

Recently two cases of Lown-Ganong-Levine syn- 
drome and reentrant supraventricular tachycardia have 
been reported!®!” in whom dual A-V pathways in re- 
sponse to atrial extrastimuli were noted. In both cases, 
conduction over the “bypass” tract was assumed to be 
responsible for the “fast” pathway curve, while with the 
“slow” pathway, curve resulted from conduction by way 
of the A-V node. However, these curves were virtually 
identical to those previously published in patients with 
supraventricular tachycardia and normal P-R inter- 
val.78 It is of interest that Case 3 of Castellanos et al.3 
demonstrated the initiation of supraventricular 
_ tachycardia during a Wenckebach cycle with a sudden 

jump in the A-H interval characteristic of dual path- 
ways.® This was the earliest example of this type of re- 
sponse in a patient with the Lown-Ganong-Levine 
_ syndrome. It is unclear why this type of response has not 
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been noted as frequently as in our study. Possible rea- 
sons are (1) overlapping refractory periods of the “fast” 
and “slow” pathway preventing the demonstration of 
discontinuous curves, and (2) failure to plot A-V nodal 


-refractory curves. 


The effects of propranolol in the Lown-Ganong- 
Levine syndrome were studied by Bisset et al.,4 who 
noted an increase in the A-H interval during atrial 
pacing and a prolongation of A-V nodal refractoriness. 
However, no refractory curves were plotted and the 
effect of propranolol on the “fast” pathway could not 
be established from the data. In patients with supra- 
ventricular tachycardia, a normal P-R interval-and dual 
pathways, propranolol and ouabain prolong conduction 
and refractoriness of both the “fast” and “slow” path- 
ways.!518 The effects of propranolol in our three pa- 
tients with the Lown-Ganong-Levine syndrome are 
identical to those reported by Wu et al./® in patients 


` with supraventricular tachycardia and a normal P-R 


interval. 

Significance of the “Lown-Ganong-Levine syn- 
drome”: The definition of a short P-R interval as one 
of 120 msec or less is arbitrary. Two to four percent of 
the normal population can have a P-R interval of 0.10 
to 0.12 second.!° Furthermore, the standard speed at 
which electrocardiograms are recorded i is 25 mm/sec. 
This slow recording speed and the low amplitude of the 
P wave make it impossible to define a P-R interval with 
an accuracy greater than + 20 msec. Additional error is 
introduced if only lead IJ is utilized because the onset 
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of the P wave may be earlier in another lead. When in- 
stracafdiac recordings with amplificatidn of the P and 
QRS complexes are used, patients with an apparent 


short P-R interval in the surface leads can have anormal _ 


P-R interval.? 

The short P-R interval of this syndrome has been 
demonstrated to result from an abbreviated A-H in- 
terval. This measurement is subject to many errors: The 
position of the recording electrode, filter of the signal, 
gain of the signal, pacing site and interelectrode distance 
can result in errors of up to 20 msec in the same pa- 

` tient.20.21 Furthermore, autonomic tone, circulating 
catecholamines and drugs can affect the A-H interval, 
giving rise to an absolutely short but functionally nor- 
mal A-H interval.” Finally, a normal P-R interval can 
result from intraatrial or His-Purkinje conduction delay 
in the presence of a short A-H interval, and a wide QRS 
complex can occur if bundle branch block exists.21:23 
Thus, neither a short P-R interval nor a normal QRS 
complex is required to demonstrate enhanced A-V 
nodal conduction. The physiologic behavior of the A-V 
node during atrial pacing (that is, blunted response) 
may be a more valid means of assessing A-V nodal 
conduction than the absolute value of the A-H interval 


because the latter measurement may be subject to many ` 


artifactual errors. 

Implications of study: Our data suggest that cases 
of Lown-Ganong-Levine syndrome and reentrant su- 
praventricular tachycardia are variants of supraven- 
tricular tachycardia due to intranodal reentry in pa- 


. 


tients with a normal P-R interval. In view of the limi- 
tations of methods it is apparent that an absolute value 
of 120 msec for a P-R interval provides little meaningful 
information about a patient’s A-V nodal function. A 


. continuum of P-R intervals is obviously pres@nt. « 


Why then do patients with a short P-R interval have 
a greater incidence of supraventricular tachycardia than 
those with a normal P-R interval?! The answer lies in 


- the requirements for reentry, one of which is electro- 


physiologic inhomogeneity of cardiac tissue. The 
marked disparity between the “fast” and “slow” in- 
tranodal pathways in this syndrome probably provides 
a more optional substrate for reentry. The lack of such 
disparity may account for the absence of supraven- 
tricular tachycardia in some patients who exhibit classic 
dual A-V nodal pathways during atrial stimulation.” 
Our data suggest that preferential rapidly conducting 
intranodal fibers can account for all of the findings in 
patients with the Lown-Ganong-Levine syndrome and 
reentrant supraventricular tachycardia. The functional 
presence of an A-V nodal bypass tract in these patients 
has yet to be established. These patients appear to have 
intranodal reentry as do patients with a normal P-R 
interval and they should be treated accordingly. : 
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Adaptive cardiac responses to Isotonic training were studied with echo- 
cardiographic measurement of cardiac dimensions and function In 20 


endurance runners whose maximal aerobic capacity on the treadmill was 


4.88 + 0.13 (mean standard error of mean) liters of oxygen/min. They 
were compared with 26 young sedentary contro! subjects whose capacity 
was 3.34 + 0.11 Ilters of oxygen/min (P <0.001). A modest degree of 
right and left ventricular chamber enlargement and left ventricular hy- 
pertrophy was observed in endurance runners (left ventricular mass Index 
140 + 6 g/m? compared with 107 -+ 4 g/m? in sedentary control subjects, 
(P <0.001). Resting heart rate was slower in endurance runners (51 + 
2 versus 62 + 2 beats/min, P <0.001) and resting left ventricular function 
as evaluated with ejection fraction and maximal posterior wall shortening 
velocity and mean circumferential shortening velocity (Vcr) was com- 
parable or slightly depressed in endurance runners (0.98 + 0.03 versus 
1.02 + 0.05 circumferences/sec [difference not significant]). This study 
suggests that isotonic training results In adaptive changes in ventricular 
volume and mass, slower heart rates that may be associated with more 
efficient pumping function (that is, increasing stroke volume) and insig- 
niflcant alterations | in resting ejection phase indexes of left ventricular 
function. 


_ The long-term training programs of endurance athletes represent chronic 


volume loading and inotropic stimulation of the heart. Many questions 
concerning the effects of such physical training on the size, structure and 
function of the human heart remain unanswered. A slight to moderate 
degree of cardiac hypertrophy can be induced by heavy physical training 
in certain laboratory animals.!-3 Although this has not been well docu- 
mented in man, indirect radiographic and electrocardiographic tech- 
niques have suggested that total heart volume increases with physical 
training." The effect of physical training on heart rate and stroke 
volume at rest and during exertional stress has been well documented 
in man.*® However, a more detailed analysis of left ventricular function 
and myocardial contractility in the trained athlete has not been possible. 
Most available studies in exercise-trained animals®8-!9 have suggested 
augmented cardiac function relative to that of untrained control animals, 
but this impression should be confirmed. 

Echocardiography is a sensitive, noninvasive technique for measuring 
cardiac dimensions and function in man and offers a quantitative method 
for studying the effects of physical training on the human heart. A recent 
echocardiographic study by Morganroth et al.1! showed an increase in 
both left ventricular volume and mass in the heart of athletes trained 
for isotonic exercise but-an increase only in mass in the heart of athletes 
primarily trained in isometric activities. Roeske et al.!2 performed 
echocardiographic studies in professional basketball players and re- 
ported increased right and left ventricular internal dimensions and left 
ventricular wall thickness when the athletes were compared with 


~ 
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matched control subjects. We undertook this study to 
ecomptre the cardiac dimensions and résting left ven- 
ricular function of highly trained endurance runners 
with that of age- and sex-matched sedentary control 
subjects. 


Material and Methods 


Subjects: The endurance athletes were 20 white competi- 
tive long distance runners from the Atlanta Track Club who 
kept detailed training diaries. All were male and their average 
age was 28 years (range 20 to 39). They had been engaged in 
long-distance training for at least 1 year (average 9 years). The 
average speed of training was 6.4 + 0.4 (standard error of the 
mean) minutes/mile within the 6 months before the study and 
for those 6 months the subjects ran an average of 242 miles a 
month. All of the runners had participated in a competitive 
running event of 6 miles or more within 1 year of the study. 

Twenty-six white male sedentary control subjects had an 
average age of 29 years (range 22 to 38). The sedentary 
subjects were normally active in school or business but did not 
participate in regular running, jogging, swimming or aerobic 
games. None was in an occupation such as farming, building 
trades, forestry or military service requiring high levels of 
energy expenditure. 

Routine measurements and calculations in all subjecte i in- 
cluded total body weight, height, body surface area, lean body 
mass, body fat content, resting blood pressure and heart rate. 
Lean body mass and body fat content were estimated from 
measurements of skinfold thickness obtained at 10 sites.!° 

Physical work capacity of runners and sedentary 
contro] subjects: This capacity was quantitated with use of 
a graded maximal treadmill exercise test using the Bruce 
protocol.!4 The runners and sedentary subjects were each 
encouraged to continue on the treadmill until exhaustion. The 
total time on the treadmill in minutes (treadmill duration 
score) was recorded. Other measurements included heart rate 
from the continuously monitored electrocardiogram and blood 


pressure (arm cuff) at 1 minute intervals during exercise. One ° 


minute collections of expired air were made during the final 
minute of each exercise stage beyond-stage II and also during 
the last minute of exercise. The expired air was analyzed for 
oxygen and carbon dioxide content with Beckman paramag- 
netic and infrared instruments, respectively. Total expired 
volume was measured with a Tissot spirometer and oxygen 
consumption was calculated after all volumes were corrected 
to standard temperature and pressure/day. Peripheral! blood 
lactate levels were measured at rest before the treadmill test, 
immediately after the test and 5 minutes after the test was 
stopped. Whole blood (0.1 mm) was obtained from a finger 
stick after the hand had been immersed in warm (45° C) water 
to provide “arterialization” of capillary blood. Serum lactate 
was then determined with the method of Strom.!5 
Standard 6 foot posteroanterior and lateral chest radio- 


- graphs were performed and utilized to estimate total cardiac 


volume with the method of Keats and Enge.!® 
Echocardiographic measurements: A complete resting 
(supine) echocardiographic study was performed in all 
subjects before their initial treadmill exercise test. All echo- 
cardiographic examinations were performed with a series 
C-100 Unirad Echoscope using a 2.25 megahertz, 5/8 inch (1.59 
cm) transducer, focused at 10 cm. Recordings were made ei- 
ther on a model 174 Tektronix strip chart recorder or a Hon- 
eywell 1856 fiberoptic strip chart recorder. A standard M 
mode heart scan was performed with the subject supine by 
placing the transducer in the third or fourth left parasternal 


f 
( 





t . 
interspace, where the mitral valye echoes were best seen with 
the transducer perpendicular to the chest wall. The transducer 
was then rotated in an arc from th& mitral valve to the base 
of the heart and then back to the cardiac apex: Instrument 
sensitivity was adjusted to produce clear echoes ofġère inter- 
ventricular septum, the posterior left ventricular septum, fhe 
posterior left ventricular endocardium and epicardium, the 
anterior and posterior walls of the ascending aérta and the 
posterior wall of the left atrium. Septal and posterior wall 
thicknesses as well as the ventricular internal diameters 
(septal endocardium to posterior wall endocardium) were 
measured at the midventricular chamber near the tip of the 
mitral valve leaflets. All echocardiographic measurements 
were performed by a single experienced technician (John V. 
Perkins) and then confirmed by a second person (Dr. Donald 


~ Nutter); differences in measurements were arbitrated by a 


third observer (Dr. Joel M. Felner). 


The following echocardiographic primary measurements 
were taken to the nearest 1 mm and a representative mean was 
obtained from 5 to 10 consecutive cardiac cycles: 


1. Right ventricular internal diameter at end-diastole— 
measured from the chest wall to the right side of the inter- 
ventricular septum with 5 mm subtracted to estimate the 
position of right ventricular endocardium. 

2. Left ventricular internal diameter at end-diastole 
(LVIDq4)—measured at the peak of the R wave in the elec- 
trocardiogram, from the endocardial echoes of the left side of 
the septum and the posterior left ventricular wall. 

3. Left ventricular internal diameter at end-systole 
(LVID,;)—measured as the shortest internal diameter be- 
tween the left side of the septum and the posterior left ven- 
tricular wall during the same cardiac cycle as LVIDa. - 

4, Posterior left ventricular wall thickness at en&diastole 
measured as the distance between the inner surface of the 
endocardium and the inner surface of the epicardium at the 
peak of the R wave. 

5. Interventricular septal thickness at end-diastole— 
measured as the distance between the inner surface of the 
right and left sides of the septum at the peak of the R wave. 

6. Left ventricular end-diastolic volume (LVEDV) and 
end-systolic volume (LVESV)—calculated in milliliters as 
LVID (cm)? X 1.047.27 

7. Stroke volume (SV)—calculated as LVEDV-LVESV. 

8. Ejection fraction (percent)—caleulated as SV/ 
LVEDV. 

9. Percent shortening of left ventricular internal diame- 
ter—calculated as (LVIDg—LVID,/LVIDg) X 100. 

10. Maximal systolic posterior wall velocity—calculated 
as the slope of the tangent to the posterior left ventricular wall 
endocardium during systole. 

11. Mean normalized raté of left ventricular cireumfer- 
ential shortening (circ/sec)—calculated as LVIDa (r)— 
LVID, (r)/LVET X LVIDg (x), where LVET = left ventric- 
ular ejection time in seconds measured from:an indirect ca- 
rotid pulse recording. 

12. Left ventricular myocardial mass (g)—calculated as 
(2 PLVW thickness + LVIDa)3 X 1.05, where PLVW = pos- 
terior left ventricular wall. i 

13. Diameter of the ascending aorta (systolic and dia- 
stolic)—measured from the outside surface of the anterior 
aortic wall to the inside surface of the posterior aortic wall at 
the level of the aortic valve. 

14. Diameter of the left atrium (systolic and diastolic) at 
the level of the sinuses of Valsalva—measured from the 
middle of the posterior aortic wall to the anterior echo of the 
posterior left atrial wall. 
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TABLE | A as 
Treadmill Exercise Performance In 20 Athletes and 26 
Control Subjects ° 





Mean + SEM Range P Value 
TD Score (min) ` 
Athletes 16.6 +40.3 19.2-14.1 5 
Control subjects 41.140.2 13.5-9.1 <0.001 
Maximal heart rate 
(beats/min) y 
Athletes ' 187 2.0 202-170 
Control subjects , 194442.7 220-167 NS 
Maximal oxygen 
` consumption 
(liters/min) 
Athletes i 4.88 + 0.13 5.87-3.78 
- Control subjects . 3.34 +0.11 4.44-2.53 <0.001 
Maximal oxygen . 
i consumpti 
(ml/kg-min 
-Athletes 70.9 + 1.8  82.7-54.2 
Control subjects 42.6 £1.1 54.3-33.4 <0.001 
Peak lactate 
/dl 
eee i 100.1426 117-84 
Control subjects 100.9 £3.1 123-64 NS 
Oz pulse ‘ 
(ml/beat) 
Athletes 0.379 + 0.008 0.442-0.319 
Control subjects 0.222 + 0.007 0,325-0.168 <0.001 








Oz pulse = maximal oxygen consi oa et (VO2 max) (ml/kg-min) 
Inighest heart rate during exercise test**; NS = not significant; P = 
probability values obtained from Student's t test; SEM=standard error 
of the mean; TD score = treadmill duration score obtained from mod- 
ifled Bruce protocol. 14 


Of the 14 echocardiographic measurements listed, 9 are 
direct orfrimary measures (no. 1, 2, 3, 4, 5, 9, 10, 13 and 14) 
and 5 (no. 6, 7, 8, 11 and 12) are derived calculations from the 
direct measures. 


Results 


Sedentary men versus trained athletes: Control 
subjects were heavier than trained subjects, having an 
average total body weight of 78.7 + 1.8 kg compared 
with 69.2 + 1.6 kg for the runners (P <0.001). The 
weight difference is explained by a lower estimated body 
fat content in the runners (5.6 + 0.5 versus 14.1 + 1.0 kg) 
(P <0.001) with an equivalent lean body mass (63.5 + 
1.2 kg in runners and 64.6 + 1.1 kg in control subjects). 
Body surface area also differed significantly between 
control subjects (1.97 + 0.02 m?) and runners (1.88 + 
0.03 m?) (P <0.01). The average resting btood pressure 
was 119/77 mm Hg in contyel subjects and 121/71 mm 
Hg in runners. Runners demonstrated a slower resting 
heart rate (obtained at the time of echocardiographic 


studies) (51.3.4 1.7 beats/min) than control subjects 


(62.4 + 2.1 beats/min) (P <0.001). 
Treadmill tests: The results of the treadmill exercise 
tests in Table I show the superior physical working ca- 


_ pacity of the highly trained marathon runners compared 


with the more ordinary performance of the sedentary 
subjects. Both the total time in minutes, or treadmill 
duration score, and the measured maximal oxygen 
consumption demonstrate the significantly greater 
endurance ability of the athletes. The maximal heart 
rate achieved on the treadmill test was similar for both 


_ the athletes and the less active control group (Table I). 
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TABLE Il 
Echocardlographic Variables Describing Left Ventricular 


Dimension 
ea E eet ag 


Case Mean ` 


(no.) > +SEM Range PValug 


interventricular 
septal thickness, 
end-diastole (mm) . 
Athletes 16 1 
Control subjects 26 1 
Left ventricular 
` posterlor wall 


. thickness, 
end-diastole (mm) 
Athletes 20 10. 
Control subjects 26 9 
Left ventricular 
Internal diameter, ` 
end-diastole (cm) 
Athletes _ 20 
Control subjects 26. 
Left ventricular 


.3 14.5-8.7 
3 


volume, 
end-diastole (ml)* 
Athletes 20 
Contro! subjects 26 
Left ventricular 
volume index, 
end-dlastole 
(mi/m?)* 
Athletes 20 7 
Control subjects 26 6 
Left ventricular i 
mass (g)* 
Athletes 20 
Control subjects 26 
Left ventricular ` 
mass Index (g/m?)* 
Athletes 20 
Control subjects * 26 


* Derived or calculated values. 
NS = not significant, P = probability values obtained from Studen, s 
t test; SEM = standard error of the mean. 


106-46 


95-35 <0.03 


263 + 13 
21349 


386-160 
325-128 <0.002 


139 +6 
107+ 4 


206-94 
148-69 <0.001 


Similar peripheral blood lactate values within 5 minutes 


of peak exercise for both athletes and sedentary groups 
(100.1 + 2.6 and 100.9 + 3.1 mg/dl, respectively) confirm 
that both groups of subjects exercised to or near to their 


maximal aerobic levels.° The peak “oxygen pulse” (the. 


ratio of maximal oxygen consumption to highest exer- 
cise heart rate) demonstrated a significantly higher 
value for athletes (0.379 + 0.008) than for sedentary 
control subjects (0.222 + 0.007) (P <0.001). 

Echocardiographic studies: The variables that 
describe left ventricular chamber size and wall thickness 
under supine resting conditions at end-diastole are 
presented in Table II. The septal/posterior wall thick- 
ness ratio was 0.97 in runners and 1.06 in control 
subjects. Internal dimensions of the right ventricular 
main chamber, the left atrium and the aorta at the su- 
pravalve level are presented in Table UI. > 

Table IV presents several variables describing left 
ventricular function in the supine resting condition. 
Although the slower heart rate in runners was accom- 
panied by a larger mean stroke volume (93 + 6 versus 


88 + 4ml) and stroke volume index (49 + 3 versus 45 + — 


2 ml/m?), there was no statistically significant difference 
between the two groups either in these values or in thie 
calculated resting cardiac indexes. 


LS 
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TABLE III pe 
*Echocardlographic Dimensions of the Right Ventricle, Left 
trium and Aorta 


Cases i 
(no.) Mean + SEM Range P Value 


Right ventricular 
dimension 
end-dlastole 
(mm) 
Athletes 15 21.5 0.8 26.1- 
15.4 
Control subjects 24 18.4 + 1.1 28.5-7.1 <0.05 
Left atrial dimension 
(mm) 
End-systole 
Athietes . 13 35.0 + 1.3 41-29 
Control subjects 26 33.8 + 0.8 42-25 NS 
End-diastole : 
Athletes 13 28.2 + 1.0 32-20 
Control subjects 26 24.2 +40.8 33-18 NS 
Aortic dimension 
(mm)* 
End-systole 
Athletes 13 31441.2 40-25 
Control subjects 26 32.140.6 40-28 NS 
End-diastole ` 
Athletes 14 29.3 0.8 37-25 
Control subjects 26 28.940.4 35-24 NS 


* Measured at the level of the aortic valve. ; 
NS = not significant; P (probablilty) values obtained from Student's 
t test; SEM = standard error of the mean. 


Radiographic studies: The radiographic estimation 


of average total heart volume was 907 + 41 ml in the 
runners and 714 + 21 ml in the sedentary control 
subjects (P <0.001). Significantly greater values per- 
sisted for the runners when the heart volume was nor- 
malized for body surface area and body weight (481 + 
19 ml/m? in runners versus 363 + 11 ml/m? in control 
subjects (P <0.001). 


Discussion 


The two study groups differed in the amount and 
degree of habitual physical activity and in body com- 
position. The marathon athletes exercised more and had 
less total body fat than the sedentary control subjects. 
At peak isotonic exercise loads (that is, using maximal 
oxygen consumption), the heart rates of the trained and 
untrained subjects in this and other studies were similar. 
Measurements of maximal oxygen consumption and 
total time on a standard exercise protocol showed that 
the sedentary subjects were comparable with other 
groups of sedentary sex- and age-matched normal 
subjects. In our laboratory 89 other sedentary subjects 
aged 20 to 39 years have been tested using the same 
treadmill protocol. The averages for this larger group 
were not different from the results for the 26 sedentary 
men shown in Table I. Previously published figures for 
maximal aerobic capacity for sedentary men aged 20 to 
39 years also agree with those in Table I.6 The trained 
athletes, on the other hand, demonstrated an excep- 
tionally high physical working capacity the average of 
which was equal or superior to that observed in most 
other published studies of young endurance-trained 
athletes. 19.20 

It has been noted that arteriovenous oxygen differ- 
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TABLE IV i — 


Echocardlographic Varlables Descgbing Resting Left 


Ventricular Function 3 . 


Cases o N 
(no.) Mean + SEM Range P Value 





Internal diameter S, 
shortening (%)* ` 


Athletes 20 , 3241 42-25 ; 
Control subjects 25 38 + 1 45-25 <0.02 > 
Ejection fraction (%)t 
Athletes 20 68 + 1 80-58 
Control subjects 26 7241 83-57 <0.02 
Mean IVCSt 
Athletes 20 0.98 + 0.03 1.28-0.79 
Control subjects 20 1.07 + 0.05 1.32-0.79 NS 
Max. PWV £ 
(mm/sec) 
Athletes 20 48.0 + 1.9 67-35 
Control subjects 26 51.142.4 89-30 NS 
* Percent shortening of Internal dlameter from end-diastole to end- 
systole. 
t Derived or calculated values. 


IVCS = normalized rate of circumferential shortening; Max PWV = 
maximal posterior wall velocity during systole; NS = not significant; 
P = probablllty values obtained from Student's t test; SEM = standard 
error of the mean. 


ences during maximal physical work in normal subjects 
are usually in the range of 13 to 16 ml/100 ml with 
trained subjects having a slightly greater value.?! If the 
arteriovenous oxygen difference is assumed to be es- 
sentially the same in both groups then, by the Fick 
equation, at maximal exercise the ratio of oxygen con- 
sumption to heart rate (that is, the oxygen pulse [ml/kg 
per beat] largely reflects stroke volume.”? In our study 
the oxygen pulse of the marathon runners was signifi- 
cantly higher than that of the sedentary subjects (Table 
I). Thus, this variable, a function of arteriovenous 
oxygen difference and stroke volume, suggests that the 
stroke volume of the athletes at peak exercise was higher 
than that of the sedentary subjects and contributed 
importantly to both the greater oxygen uptake and, 


_ presumably, the increased cardiac output. 


Echocardiographic technique: possible limita- 
tions: M mode echocardiography records a single two- 
dimensional segment of the left ventricle that includes 
the interventricular septum and the posterior free wall. 
If echocardiographic measurements of wall thickness, 
internal diameter, ventricular volumes and ejection 
characteristics are accuratefy*to reflect total ventricular 
structure and function, the ventricle must have a rela- 
tively normal shape (that is, the ventricle should ap- 
proximate an ellipsoid of revolution) and should be 
functionally homogeneous (that is, it should not have 


regional areas of dysfunction). In addition, there is a 


significant measurement error in the echocardiographic 
study of left ventricular dimensions and volumes.?% 
When relatively small normally functioning ventricles 
are studied and when a standardized technique is ap- 
plied in an attempt to record consistently the same 
minor axis of the ventricle, as when the “standard in- 
terspace” technique of Popp et al.™ is used, the error 
may be minimized. Despite these problems, the previous 
experience comparing echocardiographic and cinean- 
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giographic studies-in our ewn” and other laboratories”* 
has shown a good correlation for ventricular volume and 
function measurements performed with the two tech- 
niques AJthough these technical considerations pertain 
tour present study, conditions should be optimal for 
the accurate collection of left ventricular echocardi- 
ographic data in these two groups of young subjects with 
a normal heart. 

Cardiac dimensions at rest: The echocardiographic 
examination of*our group of 20 endurance athletes 
chronically exposed to the effects of isotonic physical 
training demonstrates a modest degree of left and right 
ventricular chamber enlargement and left ventricular 
hypertrophy (increased ventricular mass) relative to a 
group of normal sedentary control subjects. These 
conclusions are supported by radiographic estimates of 
total heart volume which showed a distinctly larger 
volume in the athletes. The mean values for echocar- 


diographic left and right ventricular dimensions and . 


volumes in both runners and control subjects are within 
the normal ranges established in our laboratory from 
the echocardiographic examination of 61 normal adults 
of both sexes ranging from young to middle aged (un- 
published data). Many individual values for the vari- 
ables describing ventricular dimensions, volume and 
mass from the trained runners overlap the corre- 
sponding values from the sedentary control subjects 
(that is, the difference between these groups, although 
statistically significant for many variables, is often small 
[Table II]). This is seen also in the overlap of the ranges 
of thes¢variables (Tables II and III). Echocardiographic 
left atrial and aortic dimensions were not significantly 
different in trained and control subjects. 

` An interesting comparison with these findings is 
provided by our recent study using similar echocardi- 
ographic techniques of 75 persons with uncomplicated, 
untreated, mild essential arterial hypertension.”’ This 
group represents chronic pressure overloading of the left 
ventricle in contrast to the chronic, intermittent volume 


loading of isotonic physical training. The left ventricular 


volume in these hypertensive subjects was smaller than 
in the athletes and equivalent to that of the sedentary 
control subjects. Considerable left ventricular hyper- 
trophy was present in these hypertensive hearts as in- 

- dicated by a mass index much greater than that calcu- 
lated for our trained endurance athletes. 

Indirect radiographic caftulations of total heart vol- 
ume have shown increased volumes in competitive 
athletes®§ as well as in sedentary subjects who under- 
went a program of physical training.”8 The radiographic 
technique does not allow elucidation of the factors re- 

- sponsible for increased cardiac dimensions and calcu- 


lated total volume: Cardiac dilatation with enlarged. 


ventricular end-diastolic volume might occur as a result 
of training-induced bradycardia and a resultant increase 
in diastolic filling and stroke volume. This radiographic 
finding cannot be distinguished from myocardial: hy- 
pertrophy or the combination of chamber dilatation and 
hypertrophy (eccentric hypertrophy) that is charac- 
teristic of chronic pathologic volume overloading. 
The echocardiographic study of collegiate and world 


class athletes by Morganroth et al. has provided 

valuable information on cardiac dimensions in hearts 
exposed to the “physiologic” stress of exercise trainingy 
In their study the predominantly isotonic training of 

swimmers and runners increased left ventricular end- 

diastolic internal diameter and volume relative to these 

variables in control subjects as well as to the values in 

wrestlers or shotputters whose training programs were 

predominantly isometric. The swimmers and runners 

did not have significantly greater interventricular septal 

or left ventricular posterior wall thickness than control 

subjects, whereas increased wall thickness was charac- 

teristic of the isometrically trained athletes. Both 

groups of athletes showed an elevation of the calculated 

values for left ventricular mass. Left atrial and aortic 

dimensions were not increased in the athletes. Our study 

confirms these characteristics of chamber dimensions 

and left ventricular mass in the isotonically trained 

athletes. 

Animal studies!~. have indicated that moderate to > 
heavy isotonic training will in some‘cases cause an in- 
crease in absolute myocardial mass and in most cases 
will increase myocardial mass to total body mass. 

Cardiac function at rest: Resting left ventricular 
function was comparable in both our trained and our 
control subjects, although all four variables examined 
were slightly lower in the trained subjects. These dif- 
ferences were statistically significant (P <0.05) for 
ejection fraction and internal diameter shortening. 
Again, the mean, values and many individual data points 
from each gtoup of subjects fell within the accepted 
range of normal. These observations in man suggest no 
difference or perhaps a slight decrease in resting left 
ventricular contractile performance in the hearts of 
trained runners. Roeske et al.!? also found no difference 


? in echocardiographic ventricular function indexes at 


rest when athletes were compared with control subjects. 
Relative resting bradycardia accompanied by an in- 
crease in stroke volume is a well recognized training 
adaptation in cardiac function and was present in the 
endurance runners we studied. 

Physical training in man results in relative brady- 
cardia and an increased stroke volume with little change 
in cardiac output in the resting state when these data 
are compared with those of the untrained subject. 
During submaximal exercise stress the heart rate re- 
mains slower, the stroke volume is greater and the 
percent of maximal oxygen consumption reached is less 
in trained subjects than in untrained subjects working 
at’ comparable levels. The maximal working (aerobic) 
capacity and the cardiac output at maximal exercise are 
considerably greater in trained than in untrained 
subjects. The comparable levels of resting left ventric- 
ular function in our athletes and sedentary control men 
suggest that the mildly dilated hypertrophied heart of 
the trained athlete beats at a slower rate with a con- 
tractile performance that is adjusted to maintain resting 
cardiac output at values comparable with the resting 
circulation in sedentary control subjects. 

_Implications: Many questions about physical 
training and the heart remain unanswered by the 
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studies performed to date in both man and experi- 
ane animal models. The relation of ‘resting brady- 


ee a, and its mechanism of production in athletes, to 


ges in cardiac structure and function needs further 
study. The long-term effects of exercise hypertrophy on 
ventricular pump performance and myocardial con- 
tractility are unknown. Equally important is how de- 
training affects exercise-induced dilatation and hy- 


e 
pertrophy as well as ventricular function, and how these 
responses are influenced by age. 7 
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- S 3 d 
| Cardiac. Size and Performance During Pregnancy 
"Estimated With Echocardiography. 
` SHIRLEY RUBLER, MD, FACC `” l | Echccaieoornphy was performed In 55 homan miiie following groups: 
PRABODHKUMAR M. DAMANI, MD. _ Group I, 15 normal nonpregnant control subjects; Group II, 13 normal 


. EDWARD R. PINTO, MD 3 women In the 13th to 23rd weeks of gestation; Group Ill, 15.normal women . 
š S ‘In the 24th to 32nd weeks of gestation; and Group IV, 12 women at term 
ene une pregnancy. The heart rate was 20 percent greater In pregnant women than 
To l f -In normal control subjects, and left ventricular dimensions and volumes | 
Re y © wero significantly larger during gestation. The right ventricular dimension 
> Pa was significantly Increased in women In Group Ill (P <0.001). Stroke 
~ volume Increased by 32 percent in the 13th to 23rd weeks (Group Il, P 
<0. 005) and remained Increased later (Group Ill). There was a parallel 
rise In ejection fraction. Cardiac output, 3.93 + 0.53 (mean + 1 standard 
deviation) Ilters/min in normal nonpregnant women, increased to 6.05 
+ 1.58 In the second trimester (P <0. 001) and to 6.15 + 1.5 liters/min 
_. later In gestation (P <0.001). When women at term pregnancy. were 
. studied in the left lateral position they had a higher cardiac output (5. 88 
- f + 1.69 Ilters/min) (P <0.001) than normal control subjects (Group I), but 
2 . ac, .when they were studied supfhe thelr cardiac output was almost as low 
: as that In Group | although they had a higher heart rate. The velocity of 
oes a . clrcumferential shortening and posterior wall slope both Increased to a 
me e Aa i -` significant « ‘extent In all pregnant women. In Group Ili, the velocity of cir- 
> * e cumferential shortening increásed to. 1. 35 + 0.19 circumferences/sec 
compared with 1.13 +.0.12 circumferences/sec in control subjects (P 
<0.005), and the slope of posterior wall motion Increased to 61.1 + 8.7 
me mm/sec compared with 50.5 + 4.9 In control subjects. Cardiac output - 
| - l : -increased early In pregnancy because of an increase In‘both stroke volume - 
. aw __ + and heart rate. Enhanced myocardial contractility mey have contributed 
| a grs A ` to the observed increase. i 


.  Astudy of pregnant women affords an excellent opportunity to observe 
f * the hemodynamic alterations in cardiac function that occur when a | 
e ~- physiologic stregs is imposed on a normal myocardium. Previous inves- 
tigators! demonstrated an increase in cardiac output in the first trimester 
ae of pregnancy that persists throughout gestation until the time of delivery. 
| ; ae . However, the precise period of maximal increase is disputed. Some au- - 
oe ers ' thors? reported that the peak occurred between 28 and 32 weeks, others® 
betwéen 24 and 28 weeks; recently, Metcalfe and Ueland? found it to 





.From the Cardiology Department, University. of occur between 20 and 24 weeks. Furthermore, cardiac output i in some 
oui) cone Undead hoes _ series! remained elevated throughout the last trimester, but in others®># 
ý ; ee ics , a -it declined to control levels at 38 to 40 weeks: 

E a EE. Dae - . Because most prior studies®> used invasive methods that can elicit 
cepted May 5; 1977. . ‘ f - stimulation of the sympathetic nervous system, they may not have been 
‘Address for reprints: Shirley Rubler, MD, De- performed under truly basal conditions. Other studies performed in 
teas frp es Nevado bates le ` animals?! demonstrated that enhanced cardiac output during preg- 
of Medicine, First Avenue at 24th Street, New . nancy could be partially attributed to an increase in myocardial con- 
York, NY 10010. f tractility; this hypothesis has not been systematically studied i in mar. 
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Two recent investigations!!.!2 using noninvasive tech- 
niques demonstrated abbreviation of the preejection 
period during pregnancy and raised the possibility that 
such increased contractility might indeed exist. , 

The use of echocardiography permits one to estimate 
myocardial performance in the basal state and to assess 
chamber size without subjecting the pregnant patient 
to cardiac catheterization or angiography or exposing 
her to x-irradiation. It is the only technique that can be 
employed with complete safety, can be repeated at 
frequent intervals and is entirely without discomfort to 
the subject. 


Material and Methods 


Subjects: Fifty-five women were studied after giving in- 
formed consent. They were distributed as follows: Group I, 
15 normal control subjects aged 20 to 35 years (mean age 24.4 
+°4.3 [mean + 1 standard deviation] years); Group H, 13 
‘normal women aged 16 to 32 years (mean 23.5 + 4.8 years) in 
the 13th to 23rd weeks of gestation (approximately the second 
trimester); Group II, 15 normal women aged 18 to 26 years 
(mean 21.7 + 2.8 years) in the 24th to 32nd weeks of pregnancy 
(approximately the third trimester) (this period of pregnancy 
included the period of gestation during which most authors 
have observed the maximal cardiac output); and Group IV, 
12 normal women aged 20 to 29 years (mean 23.8 + 3.6 years) 
at term pregnancy. All but one of these women in Group IV 
were studied in both the left lateral and supine positions to 
evaluate the effect upon cardiac output. Left atrial and right 
ventricular size were not assessed in this group. All pregnan- 


4 


FIGURE 1. Echocardiogram of a normal control subject 
demonstrating method of measurement of right and left 
ventricle. car = carotid pulse tracing; EXG = electro- 
cardiogram; IVS = interventricular septum; Ividd = left 
ventricular dimension In diastole; Ivids = left ventricular 
dimension in systole; pw = posterior wall of left ventricle; 
Rv = right ventricular dimenston in diastole. 


cies were uncomplicated, and there were no twi® gesta- 
tions. 

Echocardiographic measurements: Echocardiograms 
were obtained primarily with a Smith-Kline Ekoline 20A ul- 
trasonoscope utilizing an Irex 150-120 recorder and a 2.25 
megahertz focused transducer 0.5 inches (1.27 cm) in diameter 
with a repetition rate of 1,000 impulses/sec. Some of the earlier 
studies were performed with a Unirad ultrasonoscope and a 
DR-8 Electronics for Medicine recorder. Paper speed was 
carefully calibrated at 100 mm/sec. Carotid arterial pulse 
tracings were simultaneously obtained with a funnel-shaped 
pickup attached to a Sanborn pulse wave transducer 
(21050B). 

Echocardiograms were performed with the subjects in the 
left lateral position. Women at term underwent additional 
recordings in the supine position with the transducer main- 
tained at the same anatomic site and with care given to 
maintaining the same echocardiographic landmarks. 

Left ventricular minor axis‘dtmensions were obtained as 
follows: The transducer was positioned at the third to fourth 
left intercostal spaces and directed posteriorly, scanning from 
apex to base. Recordings of the left posterior véntricular wall 
and septum were made according to the method of Feigen- 
baum!% at the position where elements of the anterior and 
posterior mitral valve leaflet structures were just visible. Only 
high fidelity tracings with clearly delineated echoes from the 
endocardium of both the septum and posterior wall were in- 
cluded. (Approximately 60 percent of our studies were suc- 
cessful.) End-diastolic dimension was measured at the onset 
of the QRS complex, and end-systolic dimension was mea- 
sured from the peak anterior motion of the endocardial echo 
of the left ventricular posterior wall to the left side of the in- 
terventricular septal echo (Fig. 1). The left ventricular end- 
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HEART IN PREGNANGY—HUBLEH EI 
. a A 
‘ 
diastolic dimension was then divided by body surface area to 
derive the left ventricular dimension index. 

The right ventricular dimension (Fig. 1) was derived by 
measuring the distance between the anterior right ventricular 
wall and the Tight side of the septum at the onset of the QRS 
compl dimension was obtained in 14 subjects in Group 
I, 13 in Group H and 14 in Group M; it was not obtained in 
women in Group IV (at term pregnancy) because these pa- 
tients were uncomfortable and we chose to limit the variables 
studied. Right ventricular end-diastolic dimension was di- 
vided by the body surface area to obtain the right ventricular 
dimension indexs!4 

Body surface area was determined from the weight of the 
subjects before pregnancy. 

Left atrial size was measured at adayi from the pos- 
terior aortic wall to the posterior left atrial wall.13 

Aortic roof motion was measured in echocardiographic 
tracings that included elements of the aortic leaflet as the 
transducer was directed superiorly and medially to define the 
aortic root. The amplitude of the anterior motion of both walls 
of the aortic root during systole was measured from initial to 
peak anterior motion!® (Fig. 2). 

Ventricular volumes at end-diastole and end-systole were 
calculated from the cube of each dimension in end-diastole 
and end-systole, respectively.6 The geometry of the ventricle 
was assumed to be normal. 

The mean velocity of circumferential fiber shortening was 
calculated from the formula: 


LVDp — LVDs!7 
LVDp X LVET 


where LVDp and LVDs are left ventricular dimensions 


Cai 
EG pe ee ee See 
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measured at end-diastole and end-systole, respectively, and 
LVET is left ventricular ejection time as measured, simul- 
taneously from the carotid pulse tracing.!8 e 

The slope of posterior wall motion was obtained from the 
endocardial echo of the posterior wall from a tangent drawn 
from the onset of anterior motion at the initiation of systdle 
to the point of maximal anterior motion at the peak of sys- 
tole. 
` All measurements were obtained by two independent ob- 
servers from the mean of five consecutive cardiac cycles. 
Statistical studies were performed with a TDP 10 computer. 
Student’s t test was utilized to assess statistical signifi- 
cance. 

Results 

The subjects in Groups I, H and IV were of compa- 
rable age; those in Group III were slightly younger (P 
<0.05). 

Heart rate: The heart rate was significantly higher 
in all pregnant subjects than in the normal control 
group. The rise occurred in the earliest gestational pe- 
riod studied (Group I) (19 percent) and remained 
similarly elevated later and at term (19 percent and 20 
percent, respectively, in Groups III and IV) (Table I, 
Fig. 3). 

Blood pressure: Although the patients in Groups IM 
and IV had a somewhat higher systolic blood pressure 
than the normal control subjects, none had hyperten- 
sion (mean systolic pressure was 118.4 + 5.9 mm Hg in 
Group III and 118.0 + 8.3 mm Hg in Group IV). Dia- 
stolic pressures in all four groups were comparable 
(Table 1I). 


FIGURE 2. Echocardiogram demon- 
strating method of determining ampi- 
tude of excursion for anterior aortic root 
(AAR) and posterior aortic root (PAR) 
motion. EKG = electrocardiogram; LA 


= left atrium. 














` 
e 

TABLE | : F 
Comparison of Chamber Size, Heart Rate and Blood Pressure in Pregnant and Nonpregnant Subjegts (mean + 1 standard 
adeviatton)* ; 

: ` Pregnant Women 

` x Nonpregnant Group I Group III y 

Women (13 to 23 weeks’ (24 to 32 weeks’ Group iV ° 
; (Group |) gestation) gestation) (term) 
Subjects (no.) 15° 13 15 42° 
Age (yr) 24.4443 23.54 4.8 21.7+ 2.8 23.8 + 3.6 
Heart rate 71.1489 84.5 + 8.2 84.9 + 8.5 85.1 + 12.5 
(beats/min) = P <0.001 P <0.001 e P<0.001 
Blood pressure (mm hg) 110.0 + 7.3 111.8 + 11.3 118.4 + 5.9 118.0 + 8.3 
Systollc NS - P <0.001 P <0.025 
Diastolic 73.0 + 6.0 73.0 + 8.3 73.3 + 9.1 68.5 + 12.8 
RVDp (mm) 15.24 2.3 - 16.9 4 3.7 19.0 + 2.8 
P <0.001 
(14 subjects) (13 subjects) (14 subjects) £ 
LVDp (mm) 43.1 + 2.5 45.5 + 3.1 46.0 + 2.6 45.2 + 3.2 
P <0.05 P <0.01 NS 
LVDg (mm) 29.14 2.2 28.8 + 2.5 29.4 + 2.9 28.7 + 3.0 
NS NS NS 

LA (mm) 27.143.9 28.8: 7 5.0 = 7 3.8 





P (probability) values indicate significant difference from values in Group | (NS = not significant). 


LA = left atrium; alee left ventricular end-diastolic dimension; LVDs = left ventricular end-systolic dimension; RVDp = right ventricular end- 
diastolic dimension; . . . = not studied. 


of the groups was as follows: Group I, 7.2 to 9.4 (mean 
8.0 + 0.7); Group UI, 7.0 to 9.5 (mean 8.3 + 0.8); Group 


Left ventricular dimensions: End-diastolic di- 
mensions were somewhat larger in Groups II and II 











than in the normal control group (P <0.05 and P <0.01, 
respectively), but the end-systolic dimensions in Groups 
II, III and IV were similar to those in the control group 
(Table I). The largest end-diastolic dimenston recorded 
in the 15 nonpregnant normal subjects in Group I was 
47 mm. 

Septal and posterior wall thickness: The thickness 
of the septum (mm) in the control group (Group I) 


ranged from 7.2 to 9.0 (mean 7.7 + 0.6). In Group I the - 


range was 7.3 to 10.0 (mean 8.0 + 0.9); in Group IT, 6.6 
to 9.5 (mean 7.9 + 0.9); and in Group IV, 6.5 to 8.8 (mean 
7.8 + 0.7). The posterior wall thickness (mm) for each 


70 Lease Output 
YY stroke Volume 


60 Breon Rate 


in the 24th to 32nd weeks of pregnan- LO 
cy; Group IV, women of term preg- 
nancy. L = liter; Vol. = volume. 


4 





II, 7.0 to 10 (mean 8.3 + 1.0); Group IV, 7.5 to 9.7 (mean 
8.6 + 0.6). No significant differences were found among 
groups. 

Ventricular volumes at. end-diastole amd end- 
systole: The end-diastolic volumes in Groups H, II and 
IV were statistically higher than in Group I, but the 
end-systolic volumes were similar (Table II). 

Stroke volume: Throughout the gestational period, 
stroke volume was significantly greater than in normal 
control subjects (32 percent increase in Group II and 29 
percent increase in Group III). Groups IJ and III had 
comparable stroke volume, and, although stroke volume 


5 8 
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groups including determinations in lat- $ | N $ 
eral and supine positions for Group IV.  % 2 3 
Group | = normal control subjects; © 96 £2 Lso 
Group Il = women in the 13 to 23rd -9 
i weeks of pregnancy; Group Ill, women 
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TABLE Ii 


Comparison of Cardiac Output and Wall Motion in Pregnant and Nonpregnant Subjects (mean + 1 standard deviation)” 
: ä 








Nonpregnant i e 
. 2 Women Pregnant Women 
sag? (Group |) Group II Group Ill Group IV A 
Subjects (no.} 15 13 15 “12 
EDV ; . 81.0 4 2.6 95.4 + 19.1 98.4 + 18.8 94.0 + 19.0 
je a P= 0.025 P <0.01 P <0.05 
ESV i 27.1 4 3.9 24.4 + 6.4 26.1 + 7.7 24.34 7.5 
SV. 56.0 + 10.4 74.1 + 14.2 72.3 + 12.7 69.7 + 8.4 
s P <0.005 P <0.001 P <0.025 
EF 0.69 + 0.05 0.75 + 0.04 0.75 + 0.04 0.74 + 0.08 
P <0.005 P <0.01 
co - 3.93 + 0.53 6.05 + 1.58 6.15 + 1.27 5.88 + 1.69 
P <0.001 P <0.001 j P <0.001 
Ci 2.46 + 0.41 3.14 0.95 3.62 + 0.67 3.51 + 1.0 
. P <0.001 P <0.001 P <0.005 
PWS 50.5 + 4.9 54.8 + 5.6 61.1 + 8.7 
P <0.05 P <0.001 
VCF : 1.13 + 0.12 1.30 + 0.12 1.35 + 0.19 1.29 + 0.27 
. P <0.005 P <0.001 NS 





P (probabllity) values indicate significant difference from values in Group I (NS = not significant). 
Cl = cardiac Index (IIters/min per m®; CO = cardiac output (liters/min); EDV = end-diastolic volume (ml); EF = ejection fraction; ESV = end-systolic 


sec). 


decreased in women at term, it remained 24 percent 
higher than in normal control subjects (Table II). The 
ejection fraction was also increased to a similar degree 
in Groups II, II and IV (Table II, Fig. 3). 

Cardiac output: The increase in cardiac output was 
readily observed in women in the second trimester (6.05 
+ 1.58 deters/min versus 3.93 + 0.53 liters/min in the 
normal control subjects). This increase was present to 
the same degree in Group HI, and the cardiac output for 
Groups II and III was almost identical (Table II). At 
term (Group IV), although output was significantly 
greater than in Group I (P <0.001), a distinct decrease 
was noted (Table II, Fig. 1). It was apparent throughout 
gestation that there were large intragroup deviations. 
Such differences in cardiac output might represent in- 
herent variability in individual responses to pregnancy 
because Roy et al.? found that cardiac output determi- 
nations obtained with the dye-dilution method ranged 
from 6 to 10 liters/min at 28 weeks of gestation. The 
cardiac index in all stages of gestation was significantly 
increased above that of nonpregnant normal control 
subjects (Table IT). The validity of deriving body surface 
area from the body weight before pregnancy can be 
questioned. However, correction for the weight at the 
time of study can introduce a greater error because the 
contribution of a real increase in maternal weight as 
opposed to that contributed by the products of con- 
ception would be variable and difficult to assess. Left 
and right ventricular dimensional indexes were there- 
fore found to be of questionable accuracy although they 
also increased during pregnancy. 

Velocity of circumferential shortening and the 
slope of posterior wall motion: The velocity of cir- 
cumferential shortening was significantly greater in all 
study groups than in the normal control subjects (Group 
D. The slope of posterior wall motion was also distinctly 


volume (mi); PWS = posterior wall slope (mm/sec); SV = stroke volume (mi); VCF = velocity of circumferential shortening (circumferences/ 


` elevated in Group IN (P <0.001). In Group I, although 
` the slope of posterior wall motion was higher (54.8 + 5.6 


compared with 50.5 + 4.9 mm/sec in Group J), the dif- 
ferences were less significant (P <0.05) (Table I). 
Aortic root motion: The anterior aortic root motion 


‘in 13 normal control subjects (Group I) was 11.3 + 0.6 


mm compared With 12.0 + 1.6 mm in 10 subjects in 
Group II and 13.8 + 0.4 mm in 10 subjects in Group III. 
The increase in Groups II and II compared with the 
value in Group I was highly significant (Table III, Fig. 
2). The posterior aortic root motion was increased to a 


- similar degree in Groups II and HI (Table III, Fig. 2). 


Effect of positional changes at term: In 11 subjects 
at the end of pregnancy, the heart rate did not vary 
when they shifted from the lateral to the supine posi- 
tion. The stroke volume was higher when the subjects 
lay on their left side than when they were supine 69.7 
+ 18.4 and 54.6 + 15.1 ml, respectively). The cardiac 
output was 5.88 + 1.69 liters/min with the patients in 


TABLE Ill 


Comparison of Anterlor and Posterlor Aortic Root Motion 
in Pregnant and Nonpregnant Subjects (mean + 1 standard 
deviation)” 














Nonpregnant Pregnant Women 
Women 

i (Group |) Group I] Group iii 
Subjects (no.) 13 10 , 10 
Aortic root motion (mm) 

Anterior 113406" 120416 13.8 + 0.4 

; (P <0.001) (P <0.005) 
Posterior 8.9 + 0.7 10.1 + 1.3 - 105403 


(P <0.025) (P<0.001) 


* P (probability) values indicate significant difference from values 
In Group l. 
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TABLE IV 


t. 
e 


i. 


Comparison of Values for Conttine Size and Cardiac Output in Lateral and Supine Positions In Patients In Group IV (at term) (mean 


4 eau standard deviation) 








HR LVDp LVDs EDV ESV SV ` co ° EF 
Lateral ` 8514124 45.343.2 28.7 + 3.0 94.3 + 19.0 24.3 + 7.5 6974184 5.88 +1.69 0.744 0.09° 
Suk 86.3 + 12.5 42.6 + 3.2 28.5 + 3.2 78.7 + 17.3 ` 24.0 + 8.1 54.6 + 15.1 4.63 + 1.24 -0.69 + 0.10 
P values* NS NS NS NS NS P <0.025 NS NS 


* P (probability) values indicate signiñicant difference between values in the lateral and supine positions (NS = not significant). 


CO = cardiac output (liters/min); 


V = end-diastolic volume (ml); EF = ejection traction; ESV = end-systolic volume (ml); HR = heart rate 


(beats/min); LVDp = left ventricular end-diastolic dimension; LVDg = left ventricular end-systolic dimension; SV = stroke volume. 


the lateral position and 4.63 + 1.24 liters/min when they 
were supine (Table IV). 


‘Discussion 


The physiologic changes of pregnancy afford an ex- 


cellent opportunity to examine the effects of an in- 

` creased metabolic demand, a decreased vascular resis- 
tance with its resultant diminution in afterload and an 
expanded blood volume with the consequent increase 
in preload upon the performance of the normal myo- 
cardium. Previous studies derived much valuable in- 
formation concerning the cardiac responses to gestation 
from cardiac catheterization data35 and from animal 
studies.9-!0 However, except for two recent studies uti- 
lizing systolic time intervals,!!,!2 few investigations were 
performed in the noninvasive laboratory.éThe advent 
of echocardiography presented us with an unusual op- 
portunity to assess both cardiac chamber size and 
myocardial function in healthy pregnant women using 
a safe, accurate and noninvasive technique. 


To establish a baseline for the pregnant woman, we - 


determined the chamber size in the normal nonpregnant 
subject and found that the largest left ventricular di- 
mensions was 47 mm. Although other investigators!8 
have considered dimensions as great as 55 mm within 
the normal range, it appears that these values may be 
too high for young women and that the early stage of left 


ventricular enlargement may be overlooked in this . 


group. The right and left ventricular dimensions were 
slightly greater in the pregnant than in the nonpregnant 
state probably because of increased blood volume and 
venous return. 

Cardiac output in pregnancy: Prior studies13.20 
established a close correlation between the values for 
left ventricular dimensions and derived volumes ob- 
tained with echocardiography and those obtained with 


angiocardiography. Indeed, our echocardiographic es-. 


timates of cardiac output closely parallel those pre- 


viously documented by Palmer and Walker’ utilizing - 


cardiac catheterization. Their estimated output for 
nonpregnant women was 4.6 liters/min. However, our 
data indicate that a significant elevation in stroke vol- 
ume is already apparent in women in the 13th to 23rd 
weeks of gestation (Group H) as well as those in the 24th 
to 32nd weeks (Group IH). The early group showed a 32 


4 : : 


percent the later group a 29 percent increase. Heart rate 
also increased (20 and 23 percent i in Groups H and DI, 
respectively). This increase in both stroke volume and 
heart rate resulted in a substantial increase in cardiac 
output in the second trimester as well as later in preg- 
nancy. No further increment occurred after the 23rd 
week of gestation. This finding is at variance with pre- 
vious observations that cardiac output reached its 
highest levels between 24 and 28 weeks or between 28 
and 32 weeks. Our data are more compatible with those 
who maintain that peak output is reached before 24 
weeks of gestation.! In conjunction with this enhanced 
output, we observed an exaggerated aortic root motion. 
A correlation between increased flow and such motion 
was recently reported,!® and we also noted this associ- 
ation. 

The level of cardiac output at term pregnaxcy has 
been a subject of controversy. Lees et al.% stated that 
the output was maintained at a high level to term al- 
though until 1966 it was commonly accepted that car- 
diac output returned to the levels before pregnancy. Our 
data are in agreement with the more recent observations 
that cardiac output near the end of gestation remains 
elevated when the patient assumes the left lateral po- 
sition (5.88 liters/min). However, it was less high than 
in the earlier stages of gestation. In the supine position, 
it declined toward the levels of nonpregnant women 
because of a diminution in venous return induced by the 
enlarged uterus. This organ has demonstrably occluded 
vena caval flow in studies performed during cesarean 
section and could therefore be expected to reduce return 
of blood to tle heart and decrease myocardial fiber 


` stretch. 


- Causes of increased cardine output: The increased 
cardiac output could be attributed to several factors.?? 
Blood volume has been demonstrated to increase by 30 
to 100 percent, representing an increment in both 
plasma and red blood cells.?3 This increase has been 
observed in the second trimester before fetal metabolic 
demands are fully in evidence and to a lesser degree in 
the third trimester. This is consistent with the slightly 
larger cardiac size and end-diastolic volume that we 
observed. Therefore, increased myocardial fiber stretch 
and larger stroke volume probably produced an in- 
creased cardiac output. However, considering that the 
temporal relation between blood volume and cardiac 
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output has been found to be disparate (blood volume 
increases later in gestation) it is unlikely that this is the 
only factor. Other elements may have been involved in 
this process because these variables do not operate in 
parallel. The higher heart rate could also be implicated 
in eleWfting the cardiac output. Enhanced myocardial 
contractility may have made a significant contribution. 
We observed not only a greater ejection fraction but also 
an increase in the slope of posterior wall motion'and the 


velocity of circumferential fiber shortening. The latter — 


increment was Observed in the earlier stage of gestation 
as well as in the period between 24 and 32 weeks and was 
noted even at term pregnancy. Decreased peripheral 
vascular resistance and consequent diminished after- 
load may also have played a role because Bader et al.3 
_ found that systemic resistance decreased during preg- 
- nancy to 980 dynes-sec-cm~5. (We did not investigate 
_ this variable.) The stability of the blood pressure despite 
an increased cardiac output in our subjects was consis- 
tent with a decreased resistance. 

An intriguing possibility remains that the enhanced 
contractility was due to the inotropic effect of estrogens. 
Oral contraceptive agents containing both estrogens and 
progesterone were reported to cause an increase in 
cardiac index in six healthy women.”4 Estradiol and 
Premarin® administered to ewes also increased cardiac 
output.!028 Moreover, estrogens were found to alter 
actomyosin adenosine triphosphatase relations in the 
myocardium and thereby increase contractility; this 
enzyme was noted to be reduced after oophorectomy 


ad 


a 


and restored after administration of dhosen 26. The. see 
observed increase in the velocity of circumferential.“ 





shortening and the increment in the slope of posterior. a Ş 


wall motion might have reflected the changes.in hor; `- 


monal status. Indeed, although such a mechanism was 


previously considered to exert a major influence in the. . l 
. cardiac hemodynamic changes of pregnancy and, àl; 
though such effects were demonstrated in animals, such ° 


heightened myocardial performance has not: .been 


clearly delineated in human subjects. The recent: ób- - 
servation of an abbreviated preejection period. was oe 
consistent with such a concept but could havé been at- © 
tributed to the increased volume and greater myocardial .- 
fiber length.1! However, velocity of circumferential .., 
shortening is a sensitive measure of such contractility ` 


and the observed increase suggests that an inotropic 
factor may be a significant element in the enhanced 
cardiac output of pregnancy although decreased after- 
load may again have exerted an influence on the velocity 


of contraction. Increased heart rate may also produce © 


a heightened inotropic response. 


Implications: Our results seem to indicate that i 


echocardiographic examination of the heart during- 


` pregnancy may expand understanding of the normal 


cardiac responses to an altered physiologic state. 


Moreover, the establishment of normal criteria for. _ 
cardiac chamber size and function for healthy pregnant ` 


women could facilitate the early detection of abnormal 
cardiac states complicating pregnancy or arising as a 
result of gestation. > 
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well as its science. Sa 
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agemenf of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 
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“How ARCO Medical Products Company 
is improving the predictability of 
Cardiac pacing: 


—an open letter to physicians and 
other members of the medical 
community from Page Thompson, 
President, ARCO Medical Products 
Company. 








“ARCO Medical Products Company, 
a subsidiary of Atlantic Richfield 
Company—the 12th largest cor- 
porate entity in the United States, 
known principally for its chemical, 
petroleum and mineral operations 
—is now emerging as a leader in 
the highly specialized field of 
cardiac pacemaker systems. And 
we would like you to be sure that 
there are substantial benefits 
accruing to you and your patients 
due to our solid and rapidly growing 
position in this field. 


“To highlight a few of the benefits 
for you we'd like to call your 
attention to the fact that 

ARCO Medical Products Company 
now provides: 


= Pulse generators substantially 
improved in predictability 


# A lithium thionyl chloride*power 
source with highly desirable 
characteristics 


® Significantly increased research 
and development to provide im- 
proved and new products in the 
near future 


a A responsible attitude toward 
selling whereby we will not offer 
for sale what we cannot deliver— 
within 48 hours—anywhere in 
the free world 


a Realistic, no-nonsense’ product 


“To understand how it all began 

look back to the early 1960s. Our 
people were then encapsulating 
nuclear materials used in the naval °° 
nuclear submarine program and the 
Apollo space program. As a result 

of this experience, we were 

awarded the first AEC contract for 
the encapsulation of nuclear 

material to be implanted in the 








human body. That was the begin- 
ning of the first nuclear-powered 
pulse generator. 


“The precision and expertise put 
into the manufacture of those first 
nuclear-powered units is apparent 
when you see they have been 
functioning effectively for ten 
years, with a long life expectancy 
still ahead of them. 


“The nuclear experience evolved 
into the development of pacemaker 
technology that utilized the nuclear- 
precise production and quality 
assurance techniques perfected 
when working on the AEC contract. 


“ARCO Medical Products Company 
helped develop the advanced and 
exclusive lithium thionyl chloride 
power cell, which does not build up 
internal pressure. ARCO Medical 


Products Company developed the 
triple encapsulation process which 
virtually solved the problem of 
invasion and migration of moisture 
within the generators. 

ARCO Medical Products Company 
developed both a component and 
a total unit ‘burn-in’ process which 
virtually eliminates initial failures. 
In these ways, and in many others, 
ARCO Medical Products Company 
has succeeded in significantly 
improving the predictability of the 
pulse generator. 


“We are a concerned company, 
and this concern has led us toa 
commitment that no other pulse 
generator company matches: 
improved pulse generators 


supported by a ‘no-nonsense’ 
product guarantee. In essence: 


1. In the event an ARCOlith™ 
pulse generator becomes 
defective for any reason up to 
and including 60 days follow- 
ing implant, ARCO Medical 
Products Company will furnish 
a replacement pulse generator 
at no charge and pay all 
surgical and hospital costs as 
established by third-party 
insurance company pay 
schedules* 


2. Inthe event an ARCOlith pulse 
generator becomes defective 
for any reason after 60 days 
following implant up to the end 
of the warranty period* ARCO 
Medical Products Company 
will furnish a replacement 
pulse generator at no charge 
and pay up to a total of $200 
for surgical and hospital costs 
over third-party insurance 
company pay schedules* 





“Be involved. Take a stand by 
communicating your thoughts to 
us. Whatever your concerns may 
be regarding our products, our 
business philosophy, or your 
hopes for the future of pacemaker 
technology, we would like to hear 
from you. Kindly use the form on 
the following page to jot down your 
*thoughts and mail them to me. It will 
be a pleasure to share your ideas: 


Tias Turipa 


*Refer to warranty for complete details. 


ARCOlith™ 12, 6, and 4 are now the trade names for pulse 
generator models LI-2, LI-4 and LI-3. 


Wed like to hear from you. 


ARCO Medical Products Company 
invites you to communicate your 
thoughts regarding implantable 
pulse generators or manufacturer- 
physician relationships. 


Page Thompson, President 
ARCO/Medical Products Company 4 


Subsidiary of AtlanticRichfieldCompany 
á 1500 Market Street e 
Philadelphia, PA 49101 


Get involved. Take a stand. Tèll us 
what’s on your mind so we can be 
of better service to you and your 
patients in the future: 
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Improving the predictability of cardiac pacing 
Corporate Headquarters Technical Center Operations 
1500 Market Street 101 Sherman Avenue P O. Box 546 
Philadelphia, PA 19101 Vandergrift, PA 15690 Leechburg, PA 15656 ~ 
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.. the ECG for Diagnosis . 
and Prognosis | 


CLINICAL ELECTROCARDIOGRAPHIC 
CORRELATIONS 


Jorge C. Rios, MD, Guest Editor 
Associate Professor of Medicine, George Washington University Medical Center 


New book / 270 pages / 162 illustrations / Approx. $35.00 


A 


Dependent as the cardiologist is on the electrocardio- 
gram, it is still at best an imprecise yardstick of disease. 
In this up-to-the-minute review of electrocardiography, 
the procedure is approached not as an isolated informa- 
tional source but as part of an overall clinical picture. 
The findings of 32 eminent contributors are presented— 
in 20 separate and complete chapters covering the most 
clinically prevalent forms of heart disease plus related 
disorders with subsequent cardiac manifestations. They 
show how electrocardiographic data can be correlated 
along with clinical, anatomic and physjologic observa- 
tions to help the physician reach a ratfonal diagnosis 
and prognosis. 

The clear presentation of the material and its clinical 
practicality make the book especially appealing to the 
active practitioner. z 

This book is the latest addition to our widely 
acclaimed Cardiovascular Clinics Series, Albert N. 
Brest, Editor. 


CONTENTS 


Clinical-electrocardiographic correlations: prologue 
— Jorge Rios and Albert Brest 


Physiologic and biologic variants of the electrocardiogram 
— Gerard Gaughan and H. Joel Gorfinkel 


Diagnostic Accuracy of the electrocardiogram 

— Jennifer Johnson, Leo Horan and Nancy Flowers 

Clinical implications of atrioventricular and intraventricular 
conduction abnormalities | 

— Jacob Haft 


Clinical implications of atrioventricular and intraventricular 
conduction abnormalities ||; Acute myocardial infarction 
— Jacob Haft 
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Rush my copy of: 
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Clinical Electrocardiographic Correlations ........ Approx. $35.00 
Bill me. Payment is due in 30 days. Invoice will include small charge for 


ostage and handling. If book is unsatisfactory it may be returned in good 
ondition within 30 days. 


Angina pectoris: a clinical-electrocardiographic-angiographic 
correlative study in 510 patients 

— Robert Hamby 

Electrocardiographic-angiographic correlations in coronary 
heart disease 
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is our trademark. 


And we've earned the right to it..Along with 
Doctor Holter, we developed and produced 
the first production recorder and scanner 
back in 1963. Since then, other companies 
have entered the field with ambulatory ECG 
monitoring systems of their own. But while 
they're still trying to catch up with our 
yesterdays, our latest recorders and scanners 
have advanced to meet the needs of today 
and tomorrow. 

Needs that are being met with our dynamic 
instrumentation throughout the world, from 





DEL MAR AVIONICS 


~ +601 Alton Avenue, Irvine, CA 92714 * (714) 549-1500 


private practice to the largest hospitals, 

and at over 50 Scanning Service Centers. 
Clinical applications that aid in the diagnosis 
and treatment of heart disease as well as 
providing vital data for Total Environmental 
Rehabilitation. 

At Del Mar Avionics, we develop instru- 
mentation that meets the needs of you and 
your patients. Because knowing what you 
need is the most important part of designing 
what you can use. That’s why we ask questions, 
before we build answers. 


ATLANTA (404) 432-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713) 626-2320 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 854-8726 
NEW YORK (203) 327-7294 
SAN FRANCISCO (415) 349-9102 
ST. LOUIS (314) 739-8151 
EUROPE 720-7405 Telex 617-91 
(Brussels, Belgium) 
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New, original 
research from Dow. 


Chart the 
specific course 
in cholesterol 
therapy. 








»- “Specific new approach to cholesterol lowering. 


LORELCO is unrelated chemically to any other cholesteroltowering agent presently available. "1 


LORELCO, in combination with diet, yields 
Significant reductions in serum cholesterol. 


As indicated in the figure at right: 


O At point A, patients in two groups 
were placed on a diet low in 
cholesterol and saturated fat. 


O At point B, one group of patients 
(red line) was started on therapy with 
LORELCO, two 250 mg. tablets twice 
daily, in addition to diet. Over the next 
3 months, this group showed further 
reduction in serum cholesterol, 
significantly below that achieved with 
diet alone. The other group (blue line) 
received placebo while diet therapy 
was continued. No additional 
reduction in serum cholesterol levels 
was noted. 


O At point C, the two groups were 
crossed over. Serum cholesterol 
levels increased rapidly when the 
group formerly receiving LORELCO 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 
was given placebo. Conversely, a Moeke of trosees 

sharp reduction in serum cholesterol *Values calculated as of last week in test periods. 

occurred in the group given tJ. LeLorier, S. Quidoz, S. Lussier-Cacan and J. Davignon, 


LORELCO instead of placebo. Clinical Research Institute of Montreal. Accepted for 
publication — Archives of Internal Medicine. 


Sustained reduction in serum cholesterol. 

In long-term studies of 882 patients on various diets, 

regardless of fat or cholesterol content, 315 were main- 

tained on LORELCO over a period exceeding four years. 

A significant reduction in mean serum cholesterol levels PROBUCOL 
in that group was sustained throughout the study. 
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It's well-tolerated. Chart the course 
Diarrhea, the most common side effect occurred in sts 
about one patient in ten. Treatment was discontinued in that's specif Ic. 


about one patient in thirty because of side effects, 
mainly gastrointestinal disturbances. Dów.Rharmacouticals 


Its convenient for your patients. M S any 
LORELCO offers convenient twice-a-day dosage. ETAPO eo 

There's no noon-time dose to remember or forget. 
No inconvenient mixing or stirring. 


wets, eee ee) ee e da 


It has not been established whether the drug-induced 
lowering of serum cholesterol or triglyceride levels has a 


wt Nigel lh lege HED ode 


Special note beneficial effect, no effect, or a detrimental effect on the 
à S 3 morbidity or mortality due to atherosclerosis including 
LORELCO is metabolized and excreted over a coronary heart disease. Current investigations now in 
period of months. LORELCO is not recommended progress may yield an answer to this question. 
for use during pregnancy or in women contemplating ; ; q 
pregnancy within 6 months. See complete product information on next page. — 
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‘PROBUCOL 


Chart the specific course in cholesterol therapy. 2 tablets b.i.d. Be seh 


DESCRIPTION: 

LORELCO (probucol) is an agent for the reduc- 
tion of elevated serum cholesterol. The chemi- 
cal name is 4,4’-(isopropylidenedithio) bis (2,6- 
di-t-butylphenol). Its chemical structure does 
not resemble that of any other available choles- 
terol-lowefing agent. It is lipophilic. 


CLINICAL PHARMACOLOGY: 

The pharmacological mode of action by which 
LORELCO lowers serum cholesterol levels is 
unknown. However, there is no increase in the 
cyclic precursors of cholesterol, namely des- 
mosterol and 7-dehydrocholesterol. On this 
basis it is concluded that LORELCO does not 
affect the later stages of cholesterol biosyn- 
thesis. 

Absorption of LORELCO from the gastroin- 
testinal tract is limited and variable. When it is 
administered with food, peak blood levels are 
higher and less variable. With continuous ad- 
ministration in a dosage of 500 mg b.i.d., the 
blood levels of an individual gradually increase 
over the first three to four months and there- 
after, remain fairly constant. 

At the end of 12 months of treatment in eight 
patients, blood levels averaged 19.0 ug/ml and 
ranged from 7.3 to 29.8 ug/ml. Six weeks after 
cessation of therapy, the average had fallen 60 
per cent to 7.8 ug/ml (range from 3.2 to 16.3 
ug/ml). After six months the average had fallen 
80 per cent to 3.6 ug/ml (range from 1.5 to 6.0 
-4g/ ml). 


INDICATIONS AND USAGE: 

Since no drug is innocuous, strict attention 
should be paid to the indications and contra- 
indications, particularly when selecting drugs 
for chronic long term use. 

LORELCO is indicated as adjunctive therapy 
to diet for the reduction of elevated serum 
cholesterol in patients with primary hyper- 
cholesterolemia (elevated low density lipopro- 
teins). LORELCO may be useful to lower ele- 
vated cholesterol that occurs in patients with 
combined hypercholesterolemia and hyper- 
triglyceridemia, but it is not indicated where 
hypertriglyceridemia is the abnormality of most 
concern. 


It has not been established whether the drug- 
induced lowering of serum cholesterol or tri- 
glyceride levels has a beneficial effect, no effect, 
or a detrimental effect on the morbidity or mor- 
tality due to atherosclerosis including coronary 
heart disease. Current investigations now in 
progress may yield an answer to this question. 


CONTRAINDICATIONS (See also precautions): 
LORELCO is contraindicated in patients who 
are known to have a hypersensitivity to it. 


PRECAUTIONS: 

Before instituting therapy with LORELCO an 
attempt should be made to control serum cho- 
lesterol by appropriate dietary regimens, weight 
reduction, and the treatment of any under- 
lying disorder which might be the cause of the 
hypercholesterolemia. 

Because LORELCO is intendag for long-term 
administration, adequate fiaseline studies 
should be performed to determine that the 
patient has elevated serum cholesterol levels. 
Serum cholesterol levels should be determined 
frequently during the first few months of treat- 
ment and periodically thereafter. A favorable 
trend in cholesterol reduction should be evi- 
dent during the first two months of probucol 
administration. The regimen should be followed 
as long as the trend continues. A decision 
should be made by the sixth month whether 
adequate reduction is being attained. 

A baseline for serum triglycerides should 
also be established and serum triglyceride 
levels should be determined periodically. If a 
marked sustained rise in serum triglycerides is 
observed during probucol therapy, considera- 
tion should be given to improved diet compli- 
ance, alcohol abstinence, further calorie re- 


<> 


striction or adjustment of carbohydrate intake. 
LORELCO (probucol) should not be continued if 
hypertriglyceridemia persists. 

Neither oral hypoglycemic agents nor oral 
anticoagulants alter the effect of LORELCO on 
serum cholesterol. The dosage of these agents 
is not usually modified when given with 
LORELCO. 

Use in Pregnancy: Reproduction studies have 
been performed in rats and rabbits and have 
revealed no evidence of impaired fertility or 
harm to the fetus due to LORELCO. Because 
there are no adequate studies in pregnant 
women, use of this drug in pregnancy is not 
recommended. Furthermore, if a patient wishes 
to become pregnant, it is recommended that 
the drug be withdrawn, and birth control pro- 
cedures be used for at least six months be- 
cause of persistence of the drug in the body 
for prolonged periods. (See Clinical Pharma- 
cology.) 

Use in Nursing Mothers: It is not known 
whether this drug is excreted in human milk, 
but it is likely to be since such excretion has 
been shown in animals. It is recommended that 
nursing not be undertaken while a patient is 
on LORELCO. 

Use in Children: Safety and effectiveness 
in children have not been established. 


ADVERSE REACTIONS: 

The adverse reactions associated with LOR- 
ELCO are generally mild to moderate and of 
short duration. 

The most commonly affected system is the 
gastrointestinal tract. Diarrhea occurs in about 
one in 10 patients. Other adverse gastroin- 
testinal reactions in descending order of fre- 
quency are: flatulence, abdominal pain, nausea 
and vomiting. These reactions are usually 
transient and seldom require the drug to be 
discontinued. During the clinical studies, LOR- 
ELCO was discontinued in about 2 per cent of 
the patients because of adverse gastroin- 
testinal reactions. 

Less frequent adverse reactions are: hyper- 
hidrosis, fetid sweat and angioneurotic edema 
which were reported in less than one in 500 
subjects. g 

An idiosyncratic reaction characterized by 
dizziness, palpitations, syncope, nausea, vomit- 
ing and chest pain has been reported. 

Other events have been reported in patients 
treated with LORELCO. The relationship be- 
tween these events and probucol is not well 
established. In this group are included totally 
subjective complaints which are attributed to 
drugs even though many individuals have 
symptoms of this sort in the absence of drug 
ingestion. Also included are events which 
could have been produced by the patient's 
state or other modes of therapy. The most fre- 
quent were headaches, dizziness, paresthesias 
and eosinophilia observed in about one of each 
50 subjects. Consistently low hemoglobin and/ 
or hematocrit values were observed in about 
one of each 100 patients. Less frequent were: 
rash, pruritus, impotency, insomnia, conjunc- 
tivitis, tearing, blurred vision, tinnitus, dimin- 
ished sense of taste and smell, enlargement 
of a multinodular goiter, anorexia, heartburn, 
indigestion, gastrointestinal bleeding, ecchy- 
moses and petechiae, decreased hemoglobin, 
thrombocytopenia, nocturia, and peripheral 
neuritis. These were observed in the range of 
one to six per thousand subjects. 

Elevations of the serum transaminases (glu- 
tamic-oxalacetic and glutamic-pyruvic), biliru- 
bin, alkaline phosphatase, creatine phospho- 
kinase, uric acid, blood urea nitrogen and blood 
glucose above the normal range were observed 
on one or more occasions in various patients 
treated with LORELCO. Most often these were 
transient and/or could have been related to 
the patient's clinical state or other modes of 
therapy. Although the basis for the relationship 
between probucol and these abnormalities is 
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Indianapolis, Indiana 46268 


not firm, the possibility that some of thege are 
drug related cannot be excluded. In the con- 
trolled trials, the incidence of abnormal labora- 
tory values was no higher. in the patients 
treated with probucol than in the patients 
who received placebo. 


DOSAGE AND ADMINISTRATION: 

For adult use only. The recommended dose is 
500 mg (2 tablets of 250 mg each) twice daily 
with the morning and evening meals. 


CAUTION: Federal law prohibits dispensing 
without prescription. 


HOW SUPPLIED: 
Each film-coated tablet contains 250 mg 
probucol and is imprinted with the DOW 
diamond trademark over the code number 51. 
Bottles of 120 tablets, a 30-day supply for 
one patient (NDC 0183-0051-26). Unit dose 
packages of 112 tablets (NDC 0183-0051-71). 
Keep well closed. Store in a dry place, avoid 
excessive heat and dispense in light-resistant 
containers. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: 
From studies in rats, dogs and monkeys it is 
known that probucol accumulates slowly in 
adipose tissue. Approximately 90 per cent of 
probucol administered orally is unabsorbed. 
For that which is absorbed, the biliary tract is 
the major pathway for clearance from the body. 
After a single dose approximately 10 per cent 
of the absorbed drug was recovered from bile 
collected from rats over a period of 30 hours. 
Very little is excreted by way of the kidneys. 
Following a single intravenous injection in rats, 
only one per cent of the drug was recovered 
in the urine over a 24-hour period. P 

Probucol has shown no identifiable toxicity 
in mice, rats and monkeys. In mice and rats 
the LDso (oral) is in excess of five grams per 
kilogram of body weight. Two-year chronic 
toxicity studies in rats and a study in monkeys 
exceeding seven years in duration have shown 
probucol to be without adverse effect. 

During the performance of a two-year chronic 
study involving 32 probucol-treated dogs (bea- 
gles), there were 12 fatalities. The behavior, 
physical condition, laboratory findings and 
post-mortem evaluations were considered to be 
within normal limits. 

Subsequent experiments have indicated that 
probucol sensitizes the canine myocardium to 
epinephrine resulting in ventricular fibrillation 
in many dogs. — 

Among the animal species in which probucol 
has been studied, the dog is peculiar with 
respect to the phenomenon of sudden death 
and the sensitization of the myocardium to 
epinephrine. In contrast to findings in the dog, 
injections of epinephrine to probucol-treated 
monkeys did not induce ventricular fibrillation. 
In other studies, monkeys were given probucol 
either before and after, or only after myocardial 
infarction induced by coronary artery ligation. 
In these studies there was no difference be- 
tween probucol and placebo-treated groups 
with respect to either survival or detailed blind 
quantitation of myocardial changes (gross 
and histopathologic). 

Myocardial injury was produced in various 
groups of rats by one of the following proce- 
dures: aortic coarctation, coronary ligation, or 
cobalt or isoproterenol injection. After probucol 
administration no deleterious effects related to 
treatment occurred as measured by survival 
and microscopic examination of myocardial 
damage. 

Probucol was administered to minipigs begin- 
ning 10 days before ligation of a coronary 
artery and continued for 60 days post surgery. 
Challenge with epinephrine at the end of 60 
days failed to induce ventricular fibrillation in 
any of the coronary ligated, probucol-treated 
minipigs. 

In summary, probucol is toxic to the dog; the 
target organ is the heart. This phenomenon 
appears to be unique to the dog. Toxic effects 
were not identified in four other species. / 
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Coratomic L500 
the different lithium pacer 


Inside and out, Coratomic offers 
some important differences 
you can't find in an ordinary pacer 


different shape: 
Biocompatible, ovaloid shape @ 
and light 69-gram weight 

minimize pocket complica- 

tions and virtually eliminate 

“pacer bulge”. 


different battery: 

Mallory lithium battery S 4 X-ray of pacer 
offers solid-state, redundant EE se enlarged to show detail 
and hermetic construction Se à 

for patient safety. It has 

been used in over 4,000 

implants without failure. 


different welding: different circuitry: different philosophy: 
Laser welding, a Coratomic It's simple. Coratomic uses Coratomic operates by a 
first in pacemaking since fewer electronic components, different philosophy— 
1973, together with 100% assembles and tests each one which focuses on concern 
helium mass spectrometer circuit in-house, to achieve for your patient's safety and 
leak testing, assures absolute consistent high reliability. comfort rather than on ease 
hermeticity. Low current drain provides of high-volume production. 

a warranted 10-year life at 

100% pacing. 


Our engineering is detailed in illustrated bro- 

chures. Our reliability is documented in an aA i, A 
extensive, 60-page report. To receive $ an 

copies, write: Mr. Stephen Cookston, | Orotomic 
Coratomic Inc., P.O. Box 434, Indiana, 
PA 15701 or call toll-free (800) 245-6886. Electronics getting to the Heart of Medicine 
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~ Gine-Fluorographic — 
Film Processor- 


For the highest quality films without artifacts. — 
Theater quality is assured. | 





The Mark 16/35 production 
processor automatically processes 
diagnostic cine-fluorographic films 
to secure full tonal reproduc- 
tion and complete clarity. 
Adjustable speed and 

temperature controls 

permit selection of 

proper parameters for 

desired density, gamma, 

and acutance. True 
quality control is simple 
and repeatable. Fully 
adjustable controls let you use 
standard or “hot” developing 
solutions. The Mark 16/35 is 
shipped complete — no accessories 
are required. 

It is constructed of 316L 
stainless steel inside and out for 
years of maintenance-free 
operation. The Mark 16/35 is 
daylight operated and is portable. 

Processing is at 25 feet per 
minute. Capability to 60 feet per 
minute. Dry-to-dry. Anfane can 
learn to operate it in an hour's 
time. It's that easy. 

For complete details 
contact us or your nearest Oscar 
Fisher dealer. 
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OSCAR FISHER CO, INC. 
P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 

All equipment manufactured by Oscar Fisher 
Company, Inc., is on GSA Contract. 
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Chylomicron 


cholesterol 
triglyceride 


EERW. 


roteins are pictured i spective and do not reflect actual 
lationships. These are shown in diagram at right 





- Lipoproteins: The”car¢ 


and the “transport vehicle” 
Since fats are insoluble in water, 
they must bink up with protein to remain 
oe ein the blood. The lipoprotein 
lecules thus formed allow lipid 
A stances—cholesterol, triglycerides, 
phéspholipids—to travel freely in a 
solyble form through the bloodstream 
for use as structural building blocks and 
sources of energy. The four major 
classes of lipoprotein, consisting of 
varying amounts of lipids (the “cargo”) 
and protein (the ‘transport vehicle”) 
are chylomicrons, very low density lipo- 
proteins (VLDL), low density lipoproteins 
(LDL), and high density lipoproteins 
(HDL). [See medical artist's interpreta- 
tion at left.) The relative size of these 
lipoprotein molecules, based on meas- 
urement of flotation rates via ultracen- 
trifugation, is shown below. 
SCHEMATIC RELATION OF SIZE TO FLOTATION RATE (S}) 


©) 0-20 


© 20-400 


St 400 and above 








Abnormalities in the production 
and/or degradation of these lipopro- 
teins can lead to excessive accumula- 
tions of cholesterol and/or triglycerides 
in the serum. These elevations in serum 
lipids, in the absence of underlying 
causative disease, are diagnostic of 
hyperlipidemia. 


At 


Early intervention — 


a rational approach 
to the management of 
hyperlipidemia 


Reducing elevated lipid levels is 
a rational therapeutic goal at any point 
in the hyperlipidemic process—but is 
perhaps most logical in the early stage. 
This is the stage when most patients 
are asymptomatic, yet routine choles- 
terol and triglyceride determinations 
will disclose that nevertheless they 
are hyperlipidemic.’ 

If persistent, clinically significant 
lipid elevations are demonstrated — and 
underlying disease states are ruled out 
through history, physical examination, 
and appropriate laboratory tests—a 
diagnosis of primary hyperlipidemia 
is confirmed. 

Dietary modification directed at 
correcting the specific lipid abnor- 
mality should be instituted as the first 
therapeutic step, but it often fails to 
lower the lipids sufficiently. 

This is the best time to add 
ATROMID-S, an antilipidemic agent, 
to the regimen. Early, effective, and 
continuous lipid lowering is important 
in the successful management of hyper- 
lipidemia. 


When diet alone is not 
enough, Atromid-S can 
further reduce elevated 


serum lipids 

As an adjunct to diet and other 
Measures, ATROMID-S depresses levels 
of both the very low density lipoproteins 
(S; 20-400) and the low density lipo- 
proteins (S: 0-20), with an apparently 
greater effect on the former. The re- 
sult of these actions is a reduction in 
elevated serum cholesterol (particularly 
the cholesterol carried by LDL) and/or 
triglycerides. 













AN IMPORTANT NOTE: It has not been estab- 
lished whether the drug-induced lowering of 
serum cholesterol or lipid levels has a detri- 
mental, beneficial, or no effect on the morbidity 
or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required be- 
fore current investigations will yield an answer 
to this question. 








Brand of 
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clofibrate 


_ ATROMID-S Lowers Cholesterol = 
~ Significantly Better Than Diet Alone , 
Results in 7 patients with hypercholesterolemia 
Mean Difference mg %* 


ATROMIDS-S Lowers Triglycerides 
Significantly Better Than Diet Alone 
Results in 7 patients with hyfertriglyceridemia 
Mean Difference mg %* 


Control 876 mg % 


ae cite: Brown, sae al? 
Continuous therapy and 


constant dosage essential 
to long-term control 


Lipid lowering is sustained as 
long as ATROMID-S treatment is uninter- 
rupted. However, if the drug is stopped, 
lipid levels may return to or above pre- 
treatment levels. 

ATROMID-S is effective in a 
simple, well-accepted regimen. Initial 
and maintenance dosage is 2 g daily, 
in divided doses. Some patients may 
respond to a lower dosage. 


IF GIVEN IN CONJUNCTION WITH ANTI- 
COAGULANTS 

WARNING: 
WHEN ANTICOAGULANTS ARE GIVEN IN CON- 
JUNCTION WITH ATROMID-S. THE DOSAGE OF 
THE ANTICOAGULANT SHOULD BE REDUCED 
USUALLY BY ONE-HALF (DEPENDING ON THE 
INDIVIDUAL CASE) TO MAINTAIN THE PRO- 
THROMBIN TIME AT THE DESIRED LEVEL TO PRE- 
VENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVIS- 
ABLE UNTIL IT HAS BEEN DEFINITELY DETER- 
MINED THAT THE PROTHROMBIN LEVEL HAS 
BEEN STABILIZED. 






Helps reduce elevated serum levels of 
cholesterol and/or triglycerides 


See last page of this advertisement for prescribing information. 


CAUTION SHOULD BE EXERCISED — 
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Atromid-S (dofibrate 
Helps reduce elevated 


serum levels of cholesterol 
and/or triglycerides 





BRIEF SUMMARY 

(For full prescribing information, see package circular.) 

ATROMID-S* Brand of clofibrate 

Antilipidemic agent for reduction of elevated serum lipids 

INDICATIONS: ATROMID-S is indicated as adjunctive therapy to diet and other measures 
for the reduction of elevated serum cholesterol (especially the beta lipoprotein fraction) 
and/or triglycerides. Clofibrate appears to have a greater depressant effect on the very 
low density lipoproteins (S¢ 20-400) rich in triglycerides than the low density lipoproteins 
(S¢ 0-20) rich in cholesterol 


ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum asso- 


ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate 


It has not been established whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question 


CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk 


e 
It is contraindicated in patients with cĦnically. significant hepatic or renal dysfunction 


It is contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED 


Strict birth control procedures must be exercised by women of childbearing potential. In 
patients who plan to become pregnant, clofibrate should be withdrawn several months 
before conception. Because of the possibility of pregnancy occurring despite birth control 
precautions in patients taking clofibrate, the possible benefits of the drug to the patient 
must be weighed against possible hazards to the fetus 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
control serum lipids with appropriate dietary regimens, weight loss in obese patients, 
control of diabetes mellitus, etc 


Because of the long term administration of a drug of this nature, adequate base line 
Studies should be performed to determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should be obtained during the first 
few months of ATROMID-S administration, and periodic determinations thereafter. The 
drug should be withdrawn after three months if response is inadequate. However, in the 
case of xanthoma tuberosum, the drug should be employed for longer periods (even up to 
one year) provided that there is a reduction in the size and/or number of the xanthomata 
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Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations of 
serum cholesterol peak elevations in midwinter and late summer and decreases in fall and 
spring. If the drug is discontinued, the patient should be placed on an appropsiate 
hypolipidemic diet, and his serum lipids should be monitored until stabilized, && a rise in 
these values to or above the original base line may occur. é 


During clofibrate therapy, frequent serum transaminase determinations and gther liver © 


function tests should be performed since the drug may produce abnormalities inethese 
parameters. These effects are usually reversible when the drug is discontinued. Hepatic 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 
those patients with a past history of jaundice or hepatic disease 


Clofibrate may produce “flu like” symptoms (muscular aching, soreness, cramping). The 
physician should differentiate this from actual viral and/or bacterial disease 


Use with caution in patients with peptic ulcer since reactivation has been reported 
Whether this is drug-related is unknown 


Complete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate 


Various cardiac arrhythmias have been reported with the use of clofibrate 


Several investigators have observed in their studies that clofibrate may produce a de- 
crease in cholesterol linoleate but an increase in palmitoleate and oleate, the latter being 
considered atherogenic in experimental.animals. The significance of this finding is un- 
known at this time 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness; 
skin rash, urticaria, and pruritus; dry brittle hair, and alopecia 


The following reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 


Genitourinary a 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested “allergic 
reaction.” 
Hematologic 
Leukopenia 
Pojentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like” symptoms 
Arthralgia 


Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 


Miscellaneous 

Weight gain 

Polyphagia 
Laboratory Findings 

Abnormal liver function tests as evidenced by increased transaminase (SGOT and 

SGPT), BSP retention, and increased thymol turbidity 

Proteinuria 

Increased creatine phosphokinase 

Reported adverse reactions whose direct relationship with the drug has not been 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomastia, 
thrombocytopenic purpura 
DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage 
Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show safety and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced 
usually by one-half (depending on the individual case) to maintain the prothrombin time at 
the desired level to prevent bleeding complications. Frequent prothrombin determina- 
tions are advisable until it has been definitely determined that the prothrombin level has 
been stabilized 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdos- 
age, should it occur, symptomatic supportive measures should be taken 
HOW SUPPLIED: ATROMID-S—No. 243—Each capsule contains 500 mg clofibrate, in 
bottles of 100 


References: 1. wee. R.: Conn. Med. 39:71 (Feb.) 1975. 2. Brown, H. B., Lewis, L. A., 
and Page, |. H.: Clin. Pharmacol. Ther. 17:171 (Feb.) 1975 
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Automatic Gain Compensation 
Automatic Gain Compensation (AGC) circuitry 
has been designed to automatically analyze and 
determine the optimum display of each returning 
echo, so that heart structures are clearly 
delineated. As moving structures change depth 
and angle, the real-time flexibility of AGC 
permits the display to remain true and accurate 
throughout the examination. The result: more 
clinical information and an extremely high 
percentage of interpretable exams. 











Price Breakthrough 

Incorporating new 1977 state of the art technology, the 
ECHOMATIC is extremely lightweight (approx. 50 Ibs.) 
and is priced about 30% less than its next higher-priced 
competitor. Standard phono, carotid and ECG channels 
are included at this same price. 
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The interaction of AGC and echo information 


Service Support Basic Training Program 

A nationwide network of service offices is maintained to To assist in the establishment of your echocardiography 
permit us to regularly meet our goal of 6n-sjte repair service, the Metrix Teknika Echocardiography Basic 
within 48 hours of your call. With over 30 service offices, Training Program has been prepared. This program 

our factory support staff, and the reliability we have built in, includes 35mm slides, tape cassette and extensive 
you can expect minimum downtime with the ECHOMATIC. textbook material. 


O Please send the full story about the ECHOMATIC Metrix Teknika 


and Automatic Gain Compensation (AGC). 876 Ventura St. 
j Aurora, CO 
O Please send more information about the Basic 80011 


Training Program. or call collect: 


(303) 343-8330 
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Easy does it 


Cardiac patients simply can't afford strdinjng. 
To help your constipated cardiacs, 

DIALOSE combines an effective fecal softener 
with a lubricating agent, so stools are 

moister and elimination becomes easier. 
Should your cardiac patient require 
some peristaltic activation, 


DIALOSE PLUS—with 30 mg casanthranol— 
gently provides the needed stimulation. 


easier defecation makes it 
easier on his heart 


DIALOSE.. 


(dioctyl sodium sulfosuccinate, 100 mg.; 
sodium carboxymethylcellulose, 400 mg.) 


STOOL SOFTENER/LUBRICANT 


DIALOSE:PLUS 


(dioctyl sodium sulfosuccinate, 100 mg.; 
and sodium carboxymethylcellulose, 400 mg.; 
plus casanthranol 30 mg.) 
STOOL SOFTENER/LUBRICANT/ 
PERISTALTIC ACTIVATOR 


STUART PHARMACEUTICALS 
Division of ICI United States Inc. 


Wilmington, DE 19897 
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The effect of administration of aprotinin (a kallikrein inhibitor) on the extent 
and severity of acute myocardlal Ischemic Injury, subsequent necrosis 
and collateral blood flow was studied In 55 dogs after. acute coronary 
occlusion. Two 20 minute occlusions of the left anterlor coronary artery 
were pérformed in eight dogs and epicardial electrograms were recorded 
from 10 to 14 sites. The sum of S-T segment elevations (ÈST) 15 minutes 


„after the occlusion without drug administration was 38.7 + 7.0 mv (mean 


+ standard error of the mean). Before the second occlusion aprotinin was 
administered and 2ST decreased to 22.6 + 5.6 mv {P <0.01). Similarly, 
the number of sites exhibiting S-T segment elevations of more than 2 mv 
(NST) decreased from 6.4 + 0.8 after the first occlusion to 4.2 + 1.2 (P 
<0.01) after the occlusion following aprotinin administration. The effect 
of aprotinin on myocardial. necrosis administered 30 minutes after coro- 
nary occlusion was established by means of the relation between epl- 
cardial S-T segment elevation 15 minutes after coronary occlusion and 
myocardial creatine kinase (CK) activity and histologic appearance at 
the same sltes 24 hours later. In the control group the relation was: log 
CK = —0.059S-T + 1.53 (no. = 92 specimens, r = 0.74); In the treated 
group It was: log CK = —0.036S-T + 1.54 (no. = 60 specimens, r = 0.79). 

These slopes differed (P <0. 001), indicating that aprotinin prevented 
myocardial CK depletion. In the control group all sites exhibiting S-T el- 
evations of more than 2 mv 15 minutes after occlusion showed early signs 
of myocardlal infarction 24 hours later when examined by light micros- 
copy. In contrast, in dogs that received aprotinin, only 66 percent of sites 
with abnormally élevated S-T segments showed abnormal histologic 


features, indicating that administration of the drug led to. preservation of ` 


structural integrity In many sites. Similarly, significantly deeper Q waves 
evolved In the control than in the treated group: AQ (6 hours) = 0.82 S-T 
(15 min) + 0.86 (no. = 9 dogs, r = 0.76) and In the treated group: AQ (6 
hours) = 0.46S-T (15 min) + 0.72 (no. = 10 dogs, r = 0.64) (P <0.02). 
Regional myocardial blood flow decreased from 15 minutes to 6 hours 
after occlusion In both the control and treated groups. However, the de- 
crease was less In the treated than in the, control group (37 versus 16 
percent [P <0. 02]) and the distribution of flow (endocardlal/eplicardlal 
ratlo) was significantly better with aprotinin. Thus, it is concluded that 
aprotinin diminishes myocardial damage after acute coronary occlu- 


gion. 


The size of myocardial infarction is an important factor in the clinical 
course of patients with ischemic heart disease because it determines the 


functional reserve of the heart and can be related to the severity of pump ~ 


failure. These facts have led to attempts to reduce myocardial damage 
while the ischemic insult is still reversible.! Investigators”® have de- 
scribed several groups of interventions that effectively reduce myocardial 
injury after coronary occlusion in both animals and patient. ‘These in- 
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terventions are thought to act by reducing ayoni 
oxygen demand, increasing collateral blood flow, aug- 
menting substrate available for glycolysis or decreasing 
cell swelling. 

After ischemic injury of the myocardium, proteolytic 
enzymes are released locally that activate the kinin, 
blood coagulation and fibrinolysin systems.4® It is 
known that aprotinin, a polypeptide obtained from 
bovine lungs (molecular weight ~6,500), inhibits for- 
mation of kallikrein from the inactive prekallikrein?; 
kallikrein acts on the substrate kininogen, which forms 
vasoactive kinins. Therefore, in this study, we examined 
the influence of aprotinin on infarct size and coronary 

‘collateral flow after coronary occlusion. It was thought 
that by inhibiting the kallikrein-mediated inflamma- 
tory-like events that occur after initial ischemic damage 
to the myocardium, the amount of tissue that ultimately 
became necrotic could be limited. A ee. report 
of this work has been presented.® 


Methods 


Studies were carried out in 55 dogs weighing 20 to 30 kg. 
They were anesthetized with sodium thiamylal, 25 mg/kg body 
weight intravenously, with respiration maintained by a Har- 
vard respirator. The heart was exposed through a left thora- 
cotomiy.and suspended in a pericardial cradlesThe left ante- 
rior descending coronary artery or its.apical branch was dis- 
sected free from the adjacent tissue and occluded permanently 
with a ligature or intermittently with a Schwartz intracranial 
arterial clamp. Ten to 14 sites on the anterior surface of the 
left ventricle were selected for recording of unipolar electro- 
grams. Hach site selected for electrocardiographic recording 


was recognized by its specific relation to the branching of the . 


coronary arteries and veins. Sites were chosen from within the 
area supplied by the occluded vessel, from distant (and, 
therefore, presumably normal) regions and from the border 
zone. 

The input impedance of the recorder amplifier was 100 
megaohms, and the frequency response of the system was +0.5 
decibels from 0.14 to 70 hertz. The impedance of the electrode 
was maintained constant, as reflected in the reproducibility 
of the tracings. The electrode employed was a copper cylinder 
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FIGURE 1. Example of the effect 
of aprotinin on the extent and 
magnitude of ischemic injury. Right 


the heart and its arteries. Thy 
shaded area (diagonal lines} rep- 
resents the area of S-T segment 
elevation 15 minutes after the 
contro! occlusion of the left anterior 
descending (LAD) coronary artery. 
The starred area represents the 
area of S-T segment elevation after 
the occlusion with aprotinin pre- 
treatment. LA. = left atrium; closed 
circles = sites where epicardial 
electrocardlograms were obtained. ` 
Lett panel, comparison between 
the sum of S-T segment elevations 
(ZST) In the same dog after the two 
occlusions. imè = ZST 
during occlusion alone; broken line. 
= DST during occlusion with apro- 
tinin pretreatment. 


with a saline-soaked wick that had a 15 mm? area of contact 
with the epicardium. This electrode was connected to the 
precordial V lead and held by a cable perpendicular to the 
electrode, thus minimizing mechanical stress. Because of the 
large area of the electrode, small variations in location did not 
change the configuration of the recordings. The electrograms 
obtained with this system are reproducible after successive 
coronary arterial occlusions.! 

Sites at which local conduction delay occurred, as indicated 
by prolongation of the interval from the onset.of the QRS 
complex to the injsinsic deflection exceeding 40 msec or pro- 


‘longation of the entire QRS complex beyond 65 msec, were 


excluded from S-T segment analysis because in the presence 
of an intraventricular conduction defect the S-T segment i is 
no longer considered an accurate index of ischemic injury.® 

Four experimental protocols were utilized: 

Protocol A: The effect of aprotinin on acute electrographic 
myocardial ischemic injury was studied in 16 dogs subjected 
to two coronary occlusions. The first was a 20 minute occlusion 
without any drug intervention, during which epicardial elec- 
trograms were recorded at 5 minute intervals. After 20 min- 
utes the occlusion was released and the dogs were allowed to 
recover for 45 minutes; then another epicardial electrographic 
map was taken to ascertain the return of S-T segments to 
control levels. Subsequently, in eight dogs, 100,000 kallikrein 
inhibitor units (KIU) of aprotinin was administered intra- 
venously as a bolus dose, followed by a continuous infusion 
(4 ml/min) that contained 10,000 KTU/kg in 240 mil of normal 
saline solution. (Each KIU of aprotinin inhibits the proteolytic 
activity of 0.5 ug of crystalline trypsin by 100 percent or 1 ug 
by 50 percent.) Thirty minutes after the start of the infusion, 
the coronary artery was reoccluded at the same site and epi- 

cardial electrograms were taken as before for 20 minutes. In 
the other eight dogs that served as control animals, the second 
occlusion was carried out without the administration of 
aprotinin. The sum of S-T segment elevations (ZST) and the 
number of sites exhibiting S-T segment elevation of more than. 
2 mv (NST)—two indexes of the magnitude and extent of 
electrographic myocardial injury—were compared during the 
two occlusions using the paired t technique. 

Protocol B: The effect of aprotinin on the extent of myo- 
cardial infarction was studied in 20 dogs, using histologic and 
enzymatic methods. In this group a permanent occlusion for 
24 hours was performed and epicardial electrograms were 
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obtained before and 15 minutes after occlusion. In eight dogs, 
30 minutes after occlusion, aprotinin was administered in the 


_* Same manner as in Protocol A (that is, 100,000 KTU as a bolus 


ikjection followed by the continuous infusion of 10,000 KTU/kg 
for 4 hour); in the 12 control dogs no drug was given. The 
thorax was closed and the dogs were allowed to awaken. 
Twenty-four hours later they were reanesthetized and the 
hearts removed. Immediately after excision, transmural 
specimens were taken for analysis of creatine kinase (CK) 
activity, as previously described,! and for histologic appear- 
ance, using Bouin’s fixative and hematoxylin-eosin stains. The 
sections were classified, as described in detail previously, !° 
as normal or showing signs of early myocardial necrosis by one 
of us (M.C.F.), who was not aware of the origin of the speci- 
mens. Edema was not quantified. Aortic pressure (Statham 
model P23Db pressure gauge) and the electrocardiogram (lead 
aVF) were monitored in all animals. 

Protocol C: The effect of aprotinin on the development 
of Q waves, another index that correlates closely with myo- 
cardial necrosis, was studied. This method has been described 
in detail elsewhere.!! Briefly, epicardial S-T segment elevation 
is used to predict the appearance of Q waves in the same epi- 
cardial sites several hours later, while the occlusion is main- 
tained. The analysis was performed in 19 dogs subjected to 
coronary arterial occlusions and separated into two groups: 
9 control dogs and 10 dogs given aprotinin as described in 
Protocol B (that is, starting 30 minutes after occlusion). 

Protocol -D: To determine the effects of aprotinin infusion 


` on collateral flow to the ischemic area, 16 of the 19 dogs in 


Protocol C were studied using the microsphere technique.1”13 
In all 16 dogs the coronary occlusion was maintained for 6 


hours. The dogs were separated into two groups of eight dogs - - 


each: an aprotinin-treated group and a control group. Apro- 
tinin was administered to the former eight dogs in the same 
dose as described before, starting at 30 minutes and main- 
taining the infusion for 6 hours; the latter eight dogs did not 
receive aprotinin. 

Distribution of myocardial blood flow was measured by 
injecting into the left atrium carbonized microspheres, 7 to 
10 u in diameter (3M Company), labeled with the gamma- 
emitting radionuclides cerium-141 and strontium-85. The 
microspheres were suspended in 50 percent sucrose and 2 
drops of Tween 80%. The suspension was subjected to me- 
chanical agitation and sonification for 20 minutes before use. 


Fifteen minutes after occlusion, before administration of: 


aprotinin, and again 6 hours after occlusion, a 4 ml suspension 
containing 1.5 X 108 of one of the microspheres was injected 
through a catheter into the left atrium over a period of 15 
seconds. The catheter was then flushed with 4 ml of saline 
solution. A reference blood sample was collected from the 
femoral artery into a 50 ml heparinized plastic syringe with 
a constant withdrawal pump. The control dogs were treated 
identically, except that they did not receive the drug. The 
injections of microspheres did not cause any detectable al- 
terations in heart rate or systemic arterial pressure. 

At the end of the 6 hours, all dogs were killed and their 
hearts excised. Transmural specimens weighing approxi- 
mately 2 g were taken from normal and abnormal sites of the 


left ventricle and divided into endocardial and epicardial . 


halves. The reference samples and myocardial specimens were 
counted in a gamma scintillation counter (Nuclear Chicago 
model 4233). Cardiac output and myocardial blood flow in 
each specimen were then calculated.14 


Results 
Effect of aprotinin on acute myocardial ischemic 
injury (Protocol A): In this group two successive oc- 
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clusions were carried out, the first without drug inter- 
vention and the second after pretreatment with apro- 


tinin. The sum of S-T segment elevations (2ST) and the 


extent of the area with S-T elevation were signifitantly 
smaller during the second occlusion than during the first 
(Fig. 1). The average ZST decreased from 38.3 + 7.0 mv 
(mean + standard error of the mean) 15 minutes after 
the first occlusion to 22.6 + 5.6 mv (P <0.01) 15 minutes 
after the second occlusion. Similarly, the number of sites 
with S-T elevations exceeding 2 mv (NST) was reduced 
from 6.4 + 0.8 after the first occlusion to 4.2 + 1.2 (P 
<0.01) after the second occlusion. Administration of 
aprotinin did not significantly change heart rate (from 


-136 + 5 to 137 + 5 beats/min) or mean systemic arterial 
pressure (from 118 + 6 to 116 + 7 mm Hg). In contrast, 


in dogs with two consecutive occlusions without inter- 
vening drug administration, XST and NST did not 
change significantly (from 40.1 + 6.0 to 37.6 + 4.8 mv 
and 7.2 + 1.1 to 7.6 + 1.1, respectively). 

Effect of aprotinin on myocardial creatine kinase 
(CK) activity (Protocol B): The relation between 
epicardial S-T segment elevation 15 minutes after cor- 
onary occlusion and myocardial CK activity at the same 
sites 24 hours later was determined in 12 dogs with oc- 


. clusion alone (control group). Sites outside of the isch- 


emic zone always had normal S-T segments (S-T ele- 
vation 2 mv or less) and showed normal CK activity 24 
hours later (40.8 + 0.8 IU/mg protein, no. = 35). Sites 
with moderately elevated S-T segments (3 to 5 mv) and 
sites with markedly elevated S-T segments (6 mv or 
more) showed progressively depressed CK activity, that 
is, 17.5 + 1.1 (no. = 41) and 14.3 + 1.6 [U/mg protein 
(no. = 16), respectively (Fig. 2 and 3). In the 12 control 
dogs, the relation between S-T elevation 15 minutes 


„after occlusion to CK 24 hours later was: log CK = 


—0.059S-T + 1.53 (no. = 92 specimens, r = 0.74). In the 
group treated with aprotinin (commencing 30 minutes 
after occlusion), sites with normal S-T segments (0 to 
2 mv) at 15 minutes also showed normal CK activity 24 
hours later. Sites that exhibited S-T elevations 15 
minutes after occlusion showed less CK depression than 
expected and several showed CK values within the 
normal range (Fig. 4). Thus, sites with both moderately 
(3 to 5 mv) or severely (6 mv or more) elevated S-T 
segments before administration of aprotinin showed less 


- CK activity depression (23.4 + 1.8 [P <0. 01] and 19.5 


+ 0.9 U/mg protein [P <091], respectively) in treated 
than in control dogs (Fig. 3) “in this aprotinin-treated 
group, the slope of the regression line comparing S-T 
segment elevations at 15 minutes to CK activity 24 
hours later was significantly lower (log CK = —0.0368S-T 
+ 1.54, no. = 60 specimens, r = 0.79, P <0.001) than in 
the control group, thus indicating preservation of CK 
at any level of S-T segment elevation. 

Effect of aprotinin on histologic appearance 
(Protocol B): In the control group, sites with normal 
S-T segments (0 to 2 mv) 15 minutes after occlusion 
showed normal histologic appearance 24 hours later; 
however, all 57 sites with S-T elevation exceeding 2 mv 
15 minutes after occlusion showed early signs of myo- 
cardial infarction, such as deeper eosinophilic appear- 
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ance of the cytoplasm, nuclear pyknosis or karyolysis, 
polymorphonuclear cell infiltration and disruption of 
the cell membrane 24 hours later (Fig. 2 and 5). In 
contrast, in dogs that received aprotinin 30 minutes 
‘after occlusion, only 66 percent (27 of 40 sites [x? = 6.5, 
P <0.001]) with abnormally elevated S-T segments 
showed abnormal histologic features (Fig. 4 and 5). This 
finding indicates that structural integrity tended to be 
preserved as a consequence of aprotinin administra- 
tion. 
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CK HISTOLOGY | FIGURE 2. Relation betweeñ ST 
U/mg PROT. segment elevation 15 minutes after 
z occlusion and creatine kinase (CK) 
normal! activity and histologic structure 24 ~ 
í hours later In a control experiment 
normal (occlusion alone). Left panel, 





schematic representation of the 
anterlor surface of the heart and its 
arteries. The shaded area repre- 
sents the area of S-T segment ele- 
vation 15 minutes after occlusion. 
The closed circles represent sites . 
(A to H) where biopsy specimens 
were taken. LAD = left anterlor 
descending coronary artery; OCCL 
= site of occlusion. Right panel, 
comparison between S-T segment 
elevation 15 minutes after occlu- 
sion and creatine kinase levels and 
histologic appearance 24 hours | 
later in the same sites. PROT. = 
protein. 
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Effect of aprotinin on appearance of pathologic 
Q waves (Protocol C): In 19 dogs with coronary oc- 
clusion, the relation between S-T segment elevation and 
Q wave appearance was established. In nine control 
dogs, sites remote from the.occluded area with normal 


_S-T segments 15 minutes after occlusion (0 to 2 mv) did 


not manifest Q waves 6 hours later. All 54 sites with S-T 
elevations exceeding 2 mv 15 minutes after occlusion 
showed pathologic Q waves 6 hours later. The relation 
between the depth of the developed Q waves 6 hours 


Ya, Control 
Aprotinin 


FIGURE 3. Creatine kinase (CK) activity - 
24 hours after coronary occlusion in the 
control group (columns with diagonal 
lines) and aprotinin group (dotted col- 
umns) at sites with normal (0 to 2 mv), 
‘moderately (3 to 5 mv) or severely (6 or 
more mv) elevated S-T segments 15 
minutes after occlusion. Bars Indicate 
+ standard error of the mean. The 
number in each column denotes the 
number of specimens. There Is less 
creatine kinase depression in the 
ischemic sites because of treatment 
with aprotinin. * = P <0.01. 
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FIGURE 4. Example from an aprotl- ' 
nin-treated dog, showing the relation of 
S-T segment elevation (before drug 
administration) to creatine kinase (CK) 
activity and histologic structure 24 
hours later. Left panel, schematic 
representation of the anterior surface 
of the heart and Its arterles. LAD = left 
anterlor descending coronary artery; 
OCCL. = site of occlusion; shaded 
area = area of S-T segment elevation 
15 minutes after coronary occlusion 
(before administration of aprotinin). 
Right panel, comparison between S-T 
segment elevation 15. minutes after 
occlusion and creatine kinase activity 
and histologic structure 24 hours later. 
PROT. = protein. - 


after occlusion was directly proportional to S-T eleva- 
tions at the same sites 15 minutes after occlusion: AQg¢ hr 
= 0.82 S-T15 min + 0.86 (no. = 9 dogs, r = 0.76) (Fig. 6, 
Table I). In the tréated group. (10 dogs), in which 
aprotinin administration was started 30 minutes after 
occlusion, sites with normal S-T elevations also did not 
manifest Q waves 6 hours later. However, in contrast to 
the control group, fewer Q waves developed in sites with 
abnormally elevated S-T segments. This difference is 
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reflected in the slope of the regression line, which dif- 
fered significantly from that of the control group (P 


<0.02): AQg nr = 0.46 S-T15 min + 0.72 (no. = 10 dogs, 


r = 0.64) (Fig. 6, Table I). 

Effect of aprotinin on regional myocardial blood 
flow (Protocol D): In both the control group and the 
group given aprotinin starting 30 minutes after occlu- 
sion there was a similar increase in blood flow to the 
nonischemic area between 15 minutes and 6 hours after 





FIGURE 5. Histologic sections. Left, from a site without S-T.ségment elevation, showing the epicardial electrocardiogram 15 minutes after occlusion 
and a section obtained from the same site 24 hours later. Note the normal myocardial structure. Cross-striations and nuclel are preserved, and 
there Is no neutrophilic infiltration. Center, from a ste with S-T segment elevation from the control group showing epicardial electrocardlogram 
-15 minutes after occlusion and section trom the same site 24 hours later. Note S-T segment elevation in the electrocardiogram and the abnormal 
histologic features. There is a loss-of cross-striations, and nucle! and neutrophilic infiltrates (arrow) are present. Right, from a site with S-T segment 
elevation of the same magnitude as that In the center panel in a dog from the group treated with aprotinin. Note the normal histologic appearance 
of the myocardium. (Hematoxylin-eosin X 160, reduced by 22 percent.) 
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i —— Control: AQ:0.82 ST +0.86 
12 N: 9 dogs, r =0.76) 
© === = Aprotinin: AQ=:0.46 ST+0.72 
(N=10 dogs, r:0.64) 
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- S-T Segment Elevation (mv) 
at 15 minutes 


FIGURE 6. Relation between epicardial S-T segment elevation 15 
minutes after occlusion and pathologic Q wave appearance 6 hours 
later. In the control group (solid line), AQ = 0.82S-T + 0.86 (no. = 9 
dogs, r = 0.76). In the aprotinin group (broken line), AQ = 0.48S-T 


' + 0.72 (no. = 10 dogs, r = 0.64). The difference in slopes (P <0.02) - 


indicates less Q wave development after administration of aprotinin. 


occlusion (17.1 + 4.5 percent and 15.8 + 7.0 percent, 
respectively [difference not significant] [Table II]). The 
effects of aprotinin on myocardial blood flow in the 
ischemic area are shown in Table II and Figure 7. While 
the blood flow to the portion of the ventricle supplied 
by the occluded artery decreased in both groups after 
6 hours of occlusion, it decreased significantly less and 
` thus was greater in the treated group. Thus, the 
transmural reduction in regional myocardial blood flow 
averaged 36.6 + 6.4 percent in the control group but 
only 15.8 + 5.8 percent in the aprotinin group (P <0.02) 
(Fig. 7A). This effect was observed preferentially in the 
endocardium (Table IJ), and thus aprotinin resulted in 
a more favorable distribution of blood flow as reflected 


by a higher endocardial/epicardial ratio in the treated: 


group (Fig. 7B, Table II). Therefore, aprotinin improved 
myocardial blood flow to the ischemic tissue. In these 
experiments, heart rate, mean arterial pressure, cardiac 
output, calculated total peyipheral resistance and cal- 
culated coronary vascular resistance in the nonischemic 
myocardium showed little change in either the control 
or the aprotinin-treated group (Table III). 


Discussion 


The possibility of modification of infarct size after 
acute coronary occlusion has been demonstrated in both 
experimental animals and patients.}-®15-21 Tt has been 
found that interventions that improve myocardial 
oxygen balance, such as administration of propranolol 
and practolol, elevation of arterial pressure and in- 
traaortic balloon counterpulsation, reduce the extent 

‘and magnitude of both ischemic injury and necrosis. 
However, other interventions that decrease myocardial 


100 . 
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myocardial 
blood flow 

at 6 hrs. 40 


(% of 15 min) 
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Cont.. Apr. 


. FIGURE 7. Myocardial blood flow. A, effect of aprotinin (Apr.) on 


transmural regional myocardial blood flow In 16 dogs. The column at 
left represents the percent of transmural myocardlal blood flow In the 
contro! (Cont.) group at 6 hours after occlusion compared with the flow 
at 15 minutes. Column at right Illustrates the same data for the treated 
group. Vertical bars are standard errors of the mean. Numbers In col- 
umns Indicate the number of specimens. * = P <0,02. B, effect of 
aprotinin on the percent decrease In endocardial/epicardial (Endo/Ep!) 
flow ratio between 15 minutes and 6 hours of occlusion In the control 
group (left) and treated group (right). ** = P <0.05. 


damage may act by many other mechanisms, some of 
them still little understood.?2 Such interventions in- — 
clude administration of hyaluronidase,2*:4 glucose- 
insulin-potassium and hypertonic glucose,!° manni- 
tol,24.25 hydrocortisone,2&27 cobra venom factor, 
beta-pyridyl-carbinol?? and Tris buffer.30 3 
Aprotinin and extent of myocardial damage: Our 
results demonstrate that aprotinin, a serine esterase 
inhibitor capable of inactivating kallikrein, reduces the 
extent of myocardial damage resulting from coronary 
occlusion in the dog. This conclusion is based on the 
following observations: (1) reduction in electrocardio- 
graphic signs of acute ischemic injury as reflected by a 
decrease in the sum of S-T segment elevations and the 
number of sites with S-T elevation of more than 2 mv . 
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Relation Between S-T Segment Elevation 15 Minutes After Occlusion to AQ Wave Development 6 Hours Later In Each Site* 
Q Control ; Aprotinin 7 
. Dog Slope . Intercept : È Dog . g Slope Intercept r 
c1 0.953 —0.29 0.98 AP1 0.378 1.67 0.84 
C2 0.836 1.35 - 0.80 AP 2 0.384 0.65 0.73 
c3 1.153 0.54 0.74 AP 3 0.281 0.47 0.54 
C4 1.231 —0.24 0.65 AP 4 0.210 0.19 0.40 
C5 0.528 0.37 0.75 AP 5 0.509 1.02 0.63 
c6 0.425 1.48 0.75 AP 6 1.103 0.27 0.80 
C7 1.113 3.46 0.54 AP7 0.559 0.08 ° 0.62 
C8 * 0.554 0.95 0.81 AP 8 0,397 0.68 0.60 
c9 0.630 0.13 0.89 AP 9 0.428 0.74 0.88 
AP 10 0.402 1.52 0.78 
; Mean 0.82 0.86 0.76 0.46T 0.72 0.64 
+SEM 0.10 0.41 0.05 0.08 0.17 0.04 





* Analysis was carried out In each dog separately. 
t = P <0.02 in comparison with control. 
SEM = standard error of the mean. 


' when administered starting 30 minutes before occlusion; 
(2) reduction in enzymatic damage, as indicated by less 
myocardial CK depression when administered starting 
30 minutes after occlusion; (3) less Q wave development 
when administered starting 30 minutes after occlusion; 
and (4) most important, less histologic damage when 
administered starting 30 minutes after occlusion. 
Whenever interventions are administered after coro- 
nary occlusion, as was the case in three of the series in 
this study (protocols B, C and D), an important con- 
sideration is how the drug actually permeates the 
ischemic tissue. Analysis of regional niyocardial blood 
flow in the ischemic area 15 minutes after occlusion 
revealed that in the ischemic zone, on average, the epi- 
cardial flow was approximately 40 and the endocardial 
more than 20 ml/min per 100 g. Flow of this order, al- 
though reduced, is still sufficient to deliver the drug to 
the ischemic zone. 


Mechanism of aprotonin’s protective action: Our 
study did not attempt to elucidate the mechanism of 
action of the protective effect of aprotinin, or to estab- 
lish whether this effect is due entirely to the local effect 
of kinin inhibition or to the inhibition of circulating 
kinins. However, several possibilities might be consid- 
ered. During coronary occlusion, proteolytic enzymes 
are released from the ischemic myocardium. These 
enzymes activate the blood coagulation system*! and 
the fibrinolysin system’ as well as the kinin-forming 
system. The activation of the kinin system is reflected 
in a decrease in the plasma levels of prekallikrein, kal- 
likrein inhibitor and an increase in kallikrein as mea- 
sured by spontaneous arginine esterase activity in cor- 
onary sinus blood.’ The intense pain and arterial hy- 
potension during acute myocardial infarction have been 
attributed in part to the release of kinins as a result of 
this activation. However, these substances may also play 


TABLE ii 
Regional Myocardial Blood Flow 
Normal Tissue 
(ml/min per 100 g) Ischemic Tissue (ml/min per 100 g) 
Transmural Endocardlal Epicardial” ._Endocardlal/Eptcardlal 
Control dogs ; 
15 min 95.49 23.21 39.50 0.602 
+£2.36 +4.71 +5.70 . +0.074 
8hr 111.33 10.34 30.33 E 0.293 
+4.88 +2.15 +5.52 +0.049 
% change” 17.12 —59.98 —13.58 —50.44 
+4.54 +5.41 +8.91 +£5.71 
Aprotinin-treated 
dogs 
15 min 108.08 24.19 45.37 0.502 
+4.77 +4.84 +4.83 +0.052 
6hr 125.55 15.83 40.71 - 0.369 
+4.93 +4.75 +4.96 +0.067 
% change* 15.77 —42.02+ —10.52 —28.53t 
+7.04 +£6.63 +68.7 +8.67 
Blopsies (no.) 50 47 47 47 
Dogs (no.} 16 . 14 14 ‘ 14 
* = percent change between 15 minutes and 6 hours. 


t P <0.05 in comparison with control value. 
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Hemodynamic Variables - 























Š . Calculated Coronary Resistance Calculated Total g 

. Cardiac Output Arterlal Pressure Heart Rate of Nonischemlic Myocardium Perlpheral Resistance 

({lters/min) (mm Hg) (beats/min) í {dynes sec cm~") (dynes sec cm*5), 
Dog 15 min 6 hr 15 min 6 hr 15 min 6 hr. 15 min 6 hr 15 min 6 hr 

gos Control Group (9 dogs) 
C1 2.8 2.7 120 116 140 -150 84 X 10° 76 X 108 3,428 3,407 
C2 1.7 2.3 115 - 410 150 140 77 X 108 70 X 108 5,412 3,826 
C3 4.2 4.4 135 125 120 150 107 X 10° 106 X 10° 2,571 2,273 
C4 3.7 2.7 115 115 150 160 89 X 10° 78 X 10° 2,486 3,407 
cs 1.6 1.6 120 115 . 155 160 108 X 10? 96 X 103 6,000 5,750 
C6 2.6 2.5 110 110 140 120 99 X 108 64 X 10° 3,384 3,520 
C7 2.4 1.5 105 105 130 150 79 X 10° 80 X 108 3,500 5,600 
c8 2.4 2.4 100 95 125 145 85 X 10? 76 X 10° 3,333 3,166 
cg 2.5 2.6 125 117 160 155 95 X 108 82 X 10° 4,000 3,600 
Mean 2.85 2.52 116 112 141 148 91 X 103 80 X 10° 3,790 3,839 
+ SEM 0.29 0.29 3.72 2.97 4.90 4.34 4X 108 4X 108 420 399 
Aprotinin-Treated Group (10 dogs) 

Al 2.8 2.7 125 420 140 135 98 X 10° 93 X 10° 3,571 3,555 
A2 2.6 2.6 130 130 140 140 90 X 108 92 X 10% 4,000 4,000 
A3 2.7 2.1 80 80 107 130 64 X 108 65 X 103 2,370 3,047 
A4 3.2 3.0 125 115 130 150 154 X 10° 66 X 10° 3,125 3,066 
AS 3.3 3.0 110 115 115 160 56 X 103 62 X 108 2,667 3,067 
A6 2.6 2.6 110 115 136 136 98 X 103 88 X 108 3,385 3,538 
A7 2.3 2.1 115 110 155 160 75 X 108 53 X 10° 4,000 4,191 
A8 2.2 2.3 110 100 125 150 76 X 108 64 X 10° 4,000 3,478 
A9 2.2 2.2 110 110 136 150 86 X 10° 76 X 10% 4,000 4,000 
A10 2.7 2.2 105 105 150 150 62 X 10° 66 X 103 3,111 3,818 
Mean 2.66 2.50 112. 110 133 148 85 X 108 72 X 108 3,423 3,576 
+ SEM 0.13 0.12 4.66 4.44 4.91 3.45 . 9 X 108 4X 108 199 141 





SEM = standard error of the mean. 


an important local role. The increase of myocardial 
capillary permeability may produce interstitial edema. 
This effect of bradykinin, therefore, may be similar to 
that produced by thermal injury, in which inhibition of 
the kallikrein-kinin system reduced the inflamma- 
tory-like response; that is, it diminished capillary per- 
meability, edema and leukocyte infiltration.®? Cell 
swelling may play an important role in limiting flow by 
compression of the capillaries that perfuse the ischemic 
area,’ and it has been demonstrated that the reduction 
of cell swelling by mannitol increases collateral blood 
flow and protects the involved myocardium.?)5 If kinin 
release is inhibited, edema formation may be reduced 
and it is possible that the perfusion of the injured zone 
through collateral vessels will improve, with consequent 
reduction of myocardial damage. . 

Our study provides support for the hypothesis that 
treatment with aprotinin reduces edema in the infarcted 
area. The aprotinin-treated group exhibited smaller 
reductions of blood flow to the ischemic zone than did 
the control group during the interval between 15 min- 
utes and 6 hours after occlusion. Also, aprotinin exerted 
a more profound effect on the most ischemic endocar- 


dium, as reflected by a greater endocardial/epicardial ~ 


blood flow ratio. In the nonischemic tissue, the changes 
in blood flow between 15 minutes and 6 hours after oc- 
clusion were similar in the control and aprotinin-treated 
groups, indicating that the principal effects of the drug 
were on the ischemic zone. Therefore, because aprotinin 


increased collateral flow to the ischemic area and did 
not change it in the normal zone, it may be postulated 
that the increased collateral flow was secondary to a 
reduction in capillary permeability and subsequent 
edema. > 
Aprotinin inhibits the proteolytic actions of trypsin, 
chymotrypsin, plasmin and kallikrein, and it has been 
suggested that its action extends also to other tissue- 
bound and leukocytic enzymes with proteolytic ac- 
tion.34-88 Therefore, another explanation for the action 
of aprotinin may be its direct inhibition of lysosomal 
hydrolytic activity, originated either from the myo- 
cardial cell or at a later stage by the neutrophils that 
invade the necrotic area because these enzymes may 
contribute directly to myocardial cell damage.35-38 
Clinical implications: Administration of aprotinin 
in normal dogs with coronary occlusion increased col- 
lateral flow and reduced the extent of myocardial ne- 
crosis after occlusion. The extrapolation of these results 


to patients should be carried out cautiously because: 


there are several differences between the animal model 
and the clinical setting. These drug-induced changes in 
infarct size will be definitively proved in patients only 
if a direct method of quantification will demonstrate 
their efficacy. However, this approach-may have ad- 
vantages over other interventions, such as administra- 
tion of propranolol, because the latter act by their he- 
modynamic properties and thus necessarily exhibit 
some undesirable side effects, whereas aprotinin acts 
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iby shumeing the normal consequences of-tissue damage 
“apd? thus may be devoid of these untoward effects. In- 
, deed, the action of aprotinin takes place without ap- 
panat deleterious side effects and it is well tolerat- 
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Various pharmacologic Interventions that suppressed chemotactic factor — 
activity in the coronary sinus after acute ischemia were analyzed for 
protective effects on myocardium. Ischemic injury was determined by 
comparing the slopes of the regression lines derived from 24 hour myo- 
cardial creatine kinase content versus S-T segment elevation 15 minutes 
after coronary ligation. Dogs treated 30 minutes after ligation with cobra. 
venom factor, hydrocortisone or Trasylol showed ; a marked decrease In 
chemotactic activity in the coronary sinus. These’ agents also showed a 
protective effect on Ischemic injury when compared to control. ‘Myocardial 
blopsy specimens from areas of significant ischemia defined by S-T 
segment elevations In dogs treated with cobra venom factor were es- ` 
sentially devoid of an inflammatory response whereas those from dogs- 
treated with Trasylol or hydrocortisone showed moderate neuer: in- 
filtration and minimal tissué exudate. $ 


The current interest i in pharmacologic alteration of myocardial responses 
to ischemic injury! 2 has been generated by the introduction of a repro- 


ducible technique of. quantitating ischemic myocardial injury arid the 


_ availability of an increasing array of inhibitors of inflammation. The | | 


ability of. cobra venom factor, hydrocortisone and Trasylol®, a protease 
inhibitor, to suppress the canine inflammatory response to myocardial 
ischemia has already been’ reported. 3. The specific mechanisms by 
which the inflammatory response is suppressed by these agents are un- ` 
known. Experiments were designed to explore the possibility that the . 
common denominator of these agents’ ability to reduce infarct size is 
suppression of chemotactic factors that amplify neutrophil infiltration 
and secondary release of destructive hydrolytic lysosomal enzymes in 
ischemic myocardium. Pharmacologic interventions that acted on dif- . ` 
ferent steps of the inflammatory sequence all reduced the appearance 
of chemotactic factors in the coronary sinus after infarction and provided 
significant protection against ischemic injury. i i 


. Methods 
Experiments were performed according to the method of Maroko and Car- - 


penter? i in four groups of mongrel dogs weighing 15 to 30 kg: Group A, 16 control -` 


dogs given no treatment; Group B, 8 dogs treated with cobra venom factor (20 
units/kg body weight); Group C, 8 dogs treated with Trasylol (50,000 units every 


6 hours); and Group D, 8 dogs treated with hydrocortisone (50 mg/kg). To. 


eliminate the possibility that zero time pharmacologic alterations might alter 
S-T measurements, ‘all interventions were made 30 minutes after coronary li- 


_ gation. 


Surgical procedure: The dogs were dentate with sodium pentobarbital, - l 
and respiration was maintained with a Harvard respirator. Additional small 
doses of pentobarbital were given as needed to maintain sedation. The blood 


pressure was monitored through a carotid arterial catheter. A‘catheter was placed. © ` 


into the coronary sinus from a jugular vein. Through a left thoracotomy, the heart. 


was exposed by suspension in a pericardial cradle. The left anterior descending * * 
coronary artery or one of its branches was isolated and later ligated. A saline- 
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soaked totton wick electrode was used to obtain unipolar 
.#Picardial electrocardiograms from numeròus sites on the 
aqntérior surface of the left ventricle. The sites chosen were 


2 ea anatomic landmarks so that they could be easily lo- - 
> cated. - 


* ‘Analysis of ischemic injury: In each dog, control areas far 
from the occluded artery were selected along with areas ad- 
` jacent to, and in the zone of, myocardium supplied by the 
occluded artery. Epicardial electrocardiograms were recorded 
before and 5, 10, 15 and 20 minutes after occlusion. The chest 
was then closed, a chest tube left in place for suctioning. 
The dogs were allowed to recover from anesthesia. 
Twenty-four hours after occlusion they were killed and their 
hearts removed. Transmural biopsy specimens from areas 
where epicardial electrograms had been recorded were taken 
for analysis of myocardial creatine kinase (CK) content and 
histologic examination. Myocardial CK content at 24 hours 
was theh compared with S-T segment elevation 15 minutes 
after ligation. The slope of this regression line was used to 
relate initial ischemia to resultant myocardial injury. 
Myocardial CK analysis: Myocardial biopsy specimens of 
approximately 400 mg were homogenized in a 25 ml/g solution 
of cold 0.001 molar ethylenediamine-tetraacetic acid, 0.25 
molar sucrose and 0.001 molar mercaptoethanol, in a Virtis 


“45” for 2 to 15 second bursts. The homogenate was twice - 


clarified by centrifugation at 16,000 revolutions/min for 10 
minutes, and 0.02 ml of the supernatant was added to 7.5 ml 
Tris buffer containing 0.2 percent bovine serum albumin. CK 
analysis was performed spectrophotometrically.* 

Protein concentration in the supernatant was measured 
with the biuret method. Myocardial CK, calculated by di- 
viding CK content per ml by the protein concentration per ml, 
was expressed as myocardial CK contenti ip es per mg of su- 
pernatant protein. 

Complement analysis: Simultaneous aint samples 
of carotid arterial and coronary sinus blood were collected 0, 
0.5, 1, 2, 4, 6, 12 and 24 hours after ligation. Samples were al- 
lowed to clot and serum was harvested and frozen at —70° O 
until tested. A procedure modified for optimal titration of 
canine hemolytic complement was used.® Thirty serum donors 
were used to establish normal canine complement values 
(range 25 to 55 hemolytic units). There was no significant 
difference between parallel arterial and coronary sinus com- 
plement values in normal dogs. 

Detection of chemotactic activity in vitro: A. Re- 
sponding leukocytes: Canine or human plasma was separated 
from heparinized blood by dextran sedimentation at 37° for 
30 minutes. Harvested leukocyte suspensions, predominantly 
neutrophils, were washed twice with Hanks’ balanced salt 
solution, pH 7.4, and resuspended to between 1 and 5 X 108 
cells/mL After confirmation that normal canine and human 
leukocytes gave identical results, leukocytes from a single 
human donor were used for all experiments. 

B. Chemotactic attractants: Endotoxin-activated human 
serum was the positive chemotactic control for all samples 
assayed. Canine peripheral blood and coronary sinus sera were 
diluted 1:10 with Hanks’ balanced salt solution in plastic 
tubes, and a complete set of sequential samples from a single 
dog were assayed the same day.‘ 

C. Chemotactic assay: 0.2 ml of leukocytes was placed in 
the upper chamber of a modified Boyden blind-well chamber 
and separated from chemotactic stimulants by a 5.0 u poly- 


carbonate filter (Nuclepore Inc). This technique measures the 


positive movement of an indicator cell toward a chemotactic 
signal diffusing through a restricting filter. A responding cell 
must actively migrate to appear on the opposite side of the 
filter. Duplicate assayed samples were incubated for 2 to 4 


** hours at 87° C. After incubation, the filters were rinsed gently 
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in Hanks’ balanced salt solution, fixed in,absolute methanol 
for 15 seconds and stained with hematoxylin and aqueous 
Wright’s solution. 

D. Quantification of chemotaxis: This was dohe by 
counting all responding cells, always 90-percent or greater 
‘neutrophils, in 20 oil immersion fields (X 1,100) that had 
migrated completely through the filter. Proportional direc- 
tional changes in chemotaxis were expressed by ‘comparing 
chemotactic activity in the timed samples after an interven- 
tion with the background chemotactic activity in the control 
coronary sinus and peripheral sera from the same dog. Sam- 
ples were quantitated without knowledge of interventions. 

Histology: Portions of each myocardial biopsy specimen 
were stained with hematoxylin-eosin and studied for evidence 
of necrosis and inflammatory response. Inflammatory cell 
response was estimated by the relative amount of cell infil- 
tration, and the presence or absence of necrosis was noted. 

Data analysis: Myocardial CK content 24 hours after li- 
gation was compared with the S-T segment elevation 15 
minutes after ligation. The relation between the two could be 
expressed as a line and the slope of the line indicated the re- 
sultant ischemic injury as it related to the initial ischemic 
response to coronary ligation. The line established for the 
control group was compared with the lines for Groups B 
through D. A significant difference in the slopes of the lines 
would indicate either a deleterious or protective effect of the 
intervention on ischemic injury. The significance of changes 
in coronary sinus complement and chemotaxis values in all 
groups was assessed by standard ¢ test calculation. 


Results 


There were no significant differences among any of 
the groups with respect to heart rate and arterial pres- 
sure during the study period. Peripheral complement 
values tended to rise within 6 to 12 hours after ligation 
and then returned to control values in Groups A, C and 
D. The changes in complement were not significant. 

Group A (control): The relation between CK and 
S-T segment elevation is given by the line CK = 32 — 
3.3 8-T (r= 0.76) (Fig. 1). Coronary sinus complement 


C.K ACTIVITY 
(LU. /mg protein) 
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$=33 r=.78 

$22.3 r= 76,p<.0l 
C= TRASYLOL S=1.3, r=.65,p<.0l 
D= HYDROCORTISONE S#1.6, r=.7i, p<.Ol 


FIGURE 1. Relations between myocardial creatine kinase (CK) mea- 
sured 24 hours after ligation and S-T segment elevation 15 minutes after 
ligation. The slope of the line is an Indication of the degree of ischemic 
Injury. Slopes, correlation coefficients and P values are given for each 
group of dogs. CVF = cobra venom factor. 
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SERUM 
COMPLEMENT 
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decreased slightly but not significantly, 0.5 and 1 hour 
after ligation (P >0.10) and then returned to control 
levels (Fig. 2). Chemotaxis in the coronary sinus began 
increasing within 30 minutes, peaked at 1 hour and re- 
mained elevated throughout the 24 hour study period 
(P <0.001) (Fig. 3). 

The inflammatory response on the epicardial surface 
of a control dog is shown in Figure 4. The biopsy speci- 
men was taken from a site with 7 mm S-T segment ele- 
vation. Specimens from areas with greater than 2 mm 
S-T elevation were always characterized by neutrophilic 
infiltration and interstitial edema. Ninety percent of 
samples taken from sites with S-T elevation greater 
than 2 mm 15 minutes after ligation showed evidence 
of necrosis. 


CHEMOTAXIS 
+60 : : 
+60 A 
+40 
= Yo i l 
"Lh 
iS 
\ a Ne ee eee 
<a og iu 
-20 1 F Q 
-40 ? B 
-60 
HOURS 
-80 FIGURE 3. Sequential percent changes after ligation 
1/2 I È a 3 4 8 compared with prellgation chemotactic activity In the 
coronary sinus of Groups A to D. Measurements repe- — 
AesCONTROL = Cos TRASYLOL sent mean values with 1 standard deviation. CVF = cobra 
Bo=CVF DasHYDROCORTISONE i 
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Dâ= HYDROCORTISONE 


FIGURE 2. Sequential percent 
changes after ligation compared 
with preligation values of comple- 
ment leveis in the coronary sinus of 
Groups A to D. Each point of mea- 
surement represents a mean value 
with 1 standard deviation. CVF = 
cobra venom factor. . 


Group B (cobra venom factor): The relation be- 
tween myocardial CK and S-T segment elevation in the 
decomplemented dogs is expressed by the line CK = 31 


`— 2.3 S-T (r = 0.76). There was a significant difference 


in the slopes of the regression lines for Groups A and B 
(P <0.01), thus indicating that decomplementation with 
cobra venom factor protects myocardium against acute 
ischemic injury (Fig. 1). 

Both total coronary sinus and peripheral serum 
complement decreased within 2 hours to less than 25 
percent of the control value. Decomplementation was 
maintained throughout the 24 hour study period (Fig. 
2). Chemotaxis in the coronary sinus decreased signif- 
icantly (P <0.001) by 2 hours and remained decreased 


-during the study period (Fig. 3). 


venom factor. 





hg 
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A significant reduction in inflammatory cell response 
.was séen. Biopsy specimens from areas with S-T seg- 
ents greater than 6 mm showed little or no evidence 
of necrosis or inflammatory cell invasion (Fig. 4B).. The 
inflammatory cell response was definitely less in the 
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decomplemented dogs in Grọup B than in the control 
dogs in Group A. 

Group`C (Trasylol): The relation between CK and 
S-T segment elevation in dogs treated with Trasylol is 


` given by.the regression line CK = 31 — 1.83 S-T (r = 


{1 
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eet ae ec n, Mane SOL ve Oe from an area with 7 mm S-T segment ele- 
-e me REL yee Fe WL Sa Od vation in a control dog (Group A). A marked 
a f Tii ee -A. exudative response with numerous poly- 
E fe j , A morphonuclear leukocytes is present at the 
as epicardial surface. B, from an area with 
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in a dog prevlously treated with cobra 
venom factor (Group B). There Is almost 
complete Inhibition of Inflammatory re- 
sponse at the epicardial surface. C, from 
an area with greater than 6 mm S-T seg- 
ment elevation In a dog previously treated 
with Trasylol (Group C), There is a moder- 
ate Inflammatory response with mild neu- 
trophilla and tissue exudation. 


` 
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0.65). There is a significant difference between the slope 
of the line in Groups A and C (P <0.01), indicating that 
Trasylol ‘also decreases the extent of ischemic myocar- 
dial injury (Fig. 1). 

Throughout the study, serum complement levels in 
this group were not different from those of control an- 
imals (Fig. 2). Chemotaxis in the coronary sinus in- 
creased briefly but not significantly (P >0.10), de- 
creased below control levels after 2 hours and slowly 
returned to normal by 6 hours (Fig. 3). There was de- 
finitive and prolonged suppression of chemotaxis with 
this dose of Trasylol. The direct addition of Trasylol to 
the in vitro chemotaxis assay did not inhibit leukocyte 
migration. 

Figure 4C shows a typical inflammatory response in 
the acutely infarcted myocardium of a dog treated with 
Trasylol. There is only moderate neutrophil infiltration 
and tissue exudate in an area with S-T segment eleva- 
tion greater than 6 mm. 

Group D (hydrocortisone): The relation between 
CK and S-T segment elevation is given by the line CK 
= 32 — 1.6 S-T (r = 0.71). There is a significant differ- 
ence between the slope of the lines in Groups A and D 
(P <0.01), indicating that hydrocortisone protects 
myocardium against ischemic injury (Fig. 1). 

Throughout the study, serum complement levels in 
this group were not different from those of control an- 
imals (Fig. 2). Chemotaxis in the coronary sinus also 
increased initially, then was significantly suppressed 
(P <0.001) to an extent seen in the dogs given Trasylol 
(Fig. 3). 

Myocardial samples from sites with 6 mm S-T ele- 
vation had an amount of neutrophil infiltration similar 
to that of Trasylol-treated dogs. Dogs in neither Group 
C nor Group D had suppression of inflammation com- 
parable with that found in Group B (cobra venom fac- 
tor). Although Groups B,'C and D were significantly 
protected from ischemic injury, there was no significant 
difference among the various interventions. 


© Discussion 


The acute inflammatory response is characterized by 
the chemotactic recruitment of large numbers of neu- 
__ trophils. In infarcted rat myocardium, the accumulation 
of neutrophils can be accounted for, at least in part, by 
the leukotactic activity of fragments of the third com- 
ponent of complement (C3). Cleavage of C3 was shown 
to be mediated by a protease that appeared in acutely 
infarcted heart muscle.” Multiple tissue proteases, as 
well as trypsin, thrombin and plasmin, have been shown 
to be capable of this type of nonimmunologic activation 
of C3. Our study documented the appearance of che- 

‘motactic activity in the canine coronary sinus after 
acute myocardial ischemia and provided circumstantial 
data on the possible activation mechanism. 


Cobra venom factor: This factor combines with C3. 


proactivator and mediates inactivation of C3.9 The ef- 
fective depletion of C3 by cobra venom factor prevents 
further activation of the complement system through 
either normal or alternate pathways or direct C3 
cleavage. There may be very transient appearance of 


y 


chemotactic fragments during cobra venom factor 
degradation of C3. The clearance of these chemdtacti¢. 
fragments is very rapid, and chemotactic activity &. 
absent within 1 minute after administration of cobra 
venom factor. 

Cobra venom factor has no effect on other organ . 
systems, platelets or neutrophils. The marked sup- 
pression of neutrophil migration in dogs treated with 
cobra venom factor is strong evidence that C3 activation 
is a critical component of the inflammatory response 


. during myocardial ischemia. The significant reduction 


of inflammatory response and improved CK/S-T seg- 
ment ratios suggests that administration of a cobra 
venom factor has a protective effect on myocardial 
ischemic injury. The dogs were not followed up for more 
than 24 hours and it was not possible to study the de- 
velopment of myocardial fibrosis in those infarcts that 
had little or no neutrophil response. In tbis regard, it has 
been observed that fibrous scarring developed in in- 
farcted myocardium of C3-depleted rats even though 
these rats were unable to generate an inflammatory 
response similar to that of control rats.8 

Although cobra venom factor decomplementation 
provides direct evidence of complement participation 
in ischemia-related inflammation, its antigenicity and 
ablation of an adequate inflammatory response to in- 
fection negates any potential use in human myocardial 
infarction. Less antigenic, reversible chemotactic in- 
hibitors were then tested in the same model. 

Trasylol: This agent is a nonspecific inhibitor of 
proteolysis. Kallikrein, plasmin and trypsin are a few ~ 
of the identified proteases inhibited by this drug. 
Trasylol produces no hemodynamic altération and has 
no effect on platelet or leukocyte function. 

Trasylol’s antiinflammatory properties are probably 
related to inhibition of kallikrein and plasmin. A vicious 
cycle may be present during ischemic injury. The initial 
trauma generates a tissue protease that activates C3 
with subsequent chemotaxis of neutrophils into myo- 
cardium. Neutrophil infiltration leads to further tissue 
destruction, release of kininogenase, kinin activation 
and perpetuation of cell necrosis, thereby restarting the 
cycle. Direct inhibition of kinin could also be effective 
in modifying ischemic tissue injury. 

We have shown activation of plasminogen in the 
coronary sinus of control animals after infarction.!® 
Trasylol inhibits this activation, and this action may 


‘account in part for its effect on chemotaxis because 


plasmin is capable of nonimmunologic C3 activa- 
tion.11 
Hydrocortisone: The antiinflammatory effects of 
hydrocortisone are widely recognized but not well un- 
derstood. Stabilization of lysosomal membranes by 
hydrocortisone may prevent extension of ischemic in- 


- jury, edema and cell death, thereby reducing the release 


of chemotactic factor. Hydrocortisone may also affect 
leukocyte receptors, preventing a normal response to 
chemotactic stimuli. 

Neutropenia: Phagocytizing or dying neutrophils, 


` or both, at inflammatory ‘sites release lysosomal hy- 


drolytic enzymes that perpetuate chemotaxis and cell 
death.’? Whether the neutrophil itself plays some part ` ` 
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in the perpetuation of chemotaxis during á myocardial 

° Inflammatory response is unknown. We have been un- 

ble to evaluate the effect of severe neutropenia on in- 

fartt size because we have not been able to maintain a 

neutropenic animal for 24 hours after coronary liga- 
tion. 
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The aia was conducted to examine the biochemical and biophysical 
basis for the clinical finding that abstinence reverses the effects of pro- 
longed ethanol consumption. Mitochondrial respiration and contractility 
of glycerinated heart muscle fibers were chosen as indexes to determine - 
(1) the relative length of time after chronic ethanol consumption required 
to Initiate changes in the myocardium, and (2) the degree of recovery In 


_ the study animals after removal of ethanol from their diet. Measurements 
` were made In rats consuming 25 percent ethanol dally for 4, 6, or 8 weeks. 


Analysis revealed a gradual reduction In the maximal rate of Isometric 
tension development (dP/dtmax), the maximal developed tension (Po) and 
the velocity of shortening at zero load (Vmax) The time to peak tension 
(to) gradually increased and ‘mitochondrial respiration steadily decreased 
with longer periods of.ethanol ingestion. The effects occurred earller and — 
to a greater degree with glutamate, a nicotinamide-adenine dinucleo- 
tide—linked substrate, than with succinate, which Is flavoprotein- -linked. 


_ Respiration with glutamate was “diminished after 4 weeks of ethanol 


consumption by 8 percent, after. 6 meeKe by 19 percent and after 8 weeks 


_ by 20 percent. 


After 8 weeks of ethanol consumption, some rats were “ive a jonai 
cohollc diet to assess the effects: of abstinence on these two varlabies. 
Four. weeks after removal of ethanol from the diet, the contractility of 


- glycerlnated heart muscle fibers was still significantly diminished. After ` 


8 weeks, Vmax Po and ta had essentially returned to precontrol levels, but 
dP/dtmax was still reduced by 15 percent. Likewise, mlochondrlal res- - 


~ piration had nearly returned to control values after 8 weeks of abstinence. 


These observations demonstrate that certain biochemical changes in heart 
muscle produced by- ethanol are reversible after. cessation of ethanol 
administration. i oo. 


The direct effect of ethanol on the myocardium has been suggested by. 
the greater incidence of cardiac abnormalities in patients with a history 
of chronic alcoholism. !-3 Although no clear explanation exists.concerning - 
the mechanism responsible for such alterations, studies have demon- 


-strated that long-term alcohol consumption leads to specific clinical and 


biochemical changes in the myocardium. Alexander? and Demakis et 
al.3 have shown that cardiac enlargement: and pulmonary vascular con- 
gestion are generally observed in patients with diagnosed alcoholic - 
cardiomyopathy. Abnormalities in the electrocardiograms of these pa- ` 
tients have also been reported.?4 Several investigators®!° have shown . 
that the myocardial cells of animals chronically consuming ethanol 
manifest ultrastructural changes including swelling of the sarcoplasmic 
reticulum and the transverse tubular system. In addition, changes in the 
intercalated disks, possibly the result of edema, as well as abnormalities. 
in the mitochondrial structure have been found. Myocardial fibrosis has - 


been obeered! in alcoholics at aes 34 In pedtaon, ethanol and ac- -> 
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“TABLE | . 
af 
Physical Data (mean + standard error) 
oe Control Groups’ i Ethanol Groups 
Initial Final initial Finai - Average Daily 
Wei Weight ‘oe Welght Ethanol Intake 
(9) (9) (9) (ml/äay. per rat) 
4 Weeks 428.2 + 14.8 440.1 + 10.4 4 Weeks 409.9 + 9.6 351.3 + 11.77 27.4+ 0.8 
6 Weeks 410.7 + 11.5 432.6 + 10.5 8 Weeks 397.6 + 5.8 396.5 + 7.5 268.2 + 0.9 
8 Weeks 405.6 + 6.7 463.6 + 8.2 8 Weeks 372.7 + 4.6 380.7 + 7.2 30.3 Ł 1.3 
12 Weeks 355.5 + 12.4 393.9 + 18.3 : 8 Weeks of ethanol +- — 373.8 + 11.0 353.3 + 9.6 * Not 
i ; 4 weeks of abstinence ` measured 
16 Weeks 386.2 + 11.3 417.0+ 13.9 8 Weeks of ethanol+ 343.3 + 6.3 384.2 + 10.1 Not 
8 weeks of abstinence measured 


* Animals were maintalned on a control diet, free from ethanol 


t Significant difference between Initial and final welght (P [probability] <0.05). 


etaldehyde,.the initial products of ethanol oxidation, 


are known to affect protein synthesis,!!-2 mitochondrial . 


respiration,®!*16 the activity of several key 
enzymes®!4,16-19 and myocardial contractility.920-3 
The degree to which abstinence from ethanol reverses 
these changes in the myocardium is of considerable 
clinical importance. Several studies*-*4,25 have demon- 
strated that cessation of ethanol intake results in a re- 
turn to normal of most clinical variables. However, with 
the onset of congestive heart failure, the results of ab- 
stinence alone are disappointing.’ At this stage total bed 
rest for periods of 6 months to 1 year, combined with 
abstinence, was found to be the most effective therapy; 
heart size returned to normal in 50 percexit of the pa- 
tients treated in this manner.’ There are no comparable 
studies indicating that the biochemical changes re- 
sulting from chronic alcoholism are likewise reversible, 
In this investigation, mitochondrial respiration and in 
vitro contractility were measured in rats consuming 25 
` percent ethanol for 4, 6 or 8 weeks. Afterward, animals 
that had consumed ethanol for 8 weeks were then placed 
on a nonalcoholic diet for either 4 or 8 weeks to deter- 
` mine the degree of recovery after withdrawal of etha- 
nol. 


Material and Methods 


Experiments were conducted in male Sprague-Dawley rats 
weighing 400 + 50 g (mean + standard error of the mean). The 
animals were separated into ethanol and control groups, with 
all rats being housed in individual cages. The ethanol groups 
had free access to 25 percent ethanol as drinking water, the 
control groups received only tap water. Both the control and 
alcohol groups consumed Purina rat chow as desired. This 
regimen contains standard dietary requirements for vitamins 
and minerals. Initial and final body weights of all animals in 


the study were recorded (Table I). In addition, the average . 


daily intake of ethanol was tabulated. Random blood samples 
were obtained from the experimental rats at various times of 
day to estimate the average level of ethanol in the blood (Table 
I). These samples were taken from the tail and, after depro- 
teinization with 6 percent perchloric acid and centrifugation, 
ethanol concentration in the clear supernatant was measured 
colorimetrically. 

Rats in the ethanol groups were killed after 4, 6 or 8 weeks 
of ethanol consumption. Control rats were maintained for the 
. same three intervals. All rats involved i in determining the ef- 


fects of ethanol withdrawal (sobriety study) were given eth- 


.anol for 8 weeks and then given either 4 or 8 weeks of a 
- nonalcoholic diet; they were then killed to permit study of the 


degree of recovery in mitochondrial and contractile variables. 
Control rats were maintained for an identical period of time 
(either 12 or 16 weeks). Ethanol was removed from all exper- 
imental rats 24 hours before they were killed. ` 


_ Mitochondrial Studies 


Mitochondria were isolated according to the methods pre- 
viously described.?’ After the rats were lightly anesthetized 
with ether, the chest cavity was quickly opened. The heart was 


` removed, rinsed in ice-cold saline solution and trimmed; the 


left ventricle was then placed in an ice-cold homogenization 
solution containing the following: 0.18 molar potassium 
chloride (KCI), 0.01 molar sodium ethylenediamine tetraacetic 
acid (Na2EDTA) and 0.01 molar Tris, pH 7.4. Two to three 
ventricles were pooled for each experiment (2.0 + 0.25 g). After 
weighing, the tissue was minced and then homogenized using 
a Brinkman PT-20 Polytron. After isolation, mitochondria 
were suspended to a concentration of 10 to 15 mg/ml of protein 
in the homogenization solution. 

Protein concentration was determined using the biuret 
method with slight modifications.” Sodium deoxycholate, 1.5 
percent, was used as a solubilizing agent, and crystalline bo- 
vine serum albumin (fraction V) was used as a standard. 

Mitochondrial respiration was measured using a Gilson 
oxygraph equipped with a vibrating platinum electrode. The 
reaction medium contained the following: 0.25 molar sucrose, 
8.5 millimolar potassium phosphate dibasic (KHP043H20), 
0.01 molar NagEDTA and 0.01 molar Tris, pH 7.4. Substrates 
used weré glutamate (7.5 milljmolar)-oxaloacetate (1.5 mil- 
limolar) and succinate (7.5 millim®lar) with-rotenone (5 ug/mg 
protein) added to inhibit a nicotinamide-adenine dinucleotide 
(NAD)-linked oxidation. Mitochondrial protein concentration 


_ in the reaction mixture was adjusted to 2.0 + 0.1 mg/ml, after 


which active (state 3) respiration was initiated by the addition 
of approximately 600 nanomoles of adenosine diphosphate . 
(ADP). The assay was carried out at 30° C in a total volume 
of 1.80 + 0.10 ml. 


In Vitro Contractility _ 


The procedure employed to determine in vitro contractility 
was only slightly modified from that outlined in a previous 
report from this laboratory.1® After light anesthesia with ether, 
the chest was opened and all blood vessels emanating from the 
heart were immediately ligated with two 00 silk sutures, Once 
sealed, the heart was removed and placed in a glycerin solution 


. 


HEART MUSCLE AFTER ETHANOL WITHDRAWAL—WEISHAAR ET AL. 


* 


containing 50 percent glycerol, 20 millimolar imidazole, 4 
millimolar ethyleneglycol-bis(8-amino-ethy! ether) N,N’- 
tetraacetic acid (EGTA) and 1- millimolar dithiothreitol, pH 
7.0, where it was stored for 24 hours at 0° C. The heart was 
then transferred to fresh glycerin medium and maintained at 
—20° C for 1 week. One hour before experimental analysis, the 
heart was removed from the glycerin solution and placed in 
a Petri dish containing a relaxation solution. This solution was 
composed of the following: 100 millimolar potassium chloride 
(KCl), 5 millimolar magnesium chloride (MgCl), 5 millimolar 
sodium adenosine triphosphate (ATP), 5 millimolar EDTA, 
5 millimolar sodium azide (NaN3) and 20 millimolar imidaz- 
ole, pH 7.0. Under a Stereo dissection microscope fiber bun- 
dles roughly 2.5 mm in length and 0.33 to 0.55 mm in diameter 
were dissected from the heart and secured in an experimental 
trough containing the relaxation solution. The initial tension 
was adjusted to approximately 150 mg/mm? of the cross- 
sectional area of the fiber. This corresponds to an average 
sarcomere length of 2.29 + 0.03 u. Once secured, the relaxation 
solution was quickly removed and replaced with a contraction 
solution composed of the following: 100 millimolar KCl, 5 
millimolar NagATP, 5 millimolar MgClo, 5 millimolar EGTA, 
5 millimolar NaN3, 20 millimolar imidazole, 5 millimolar 
calcium chloride (CaCl), pH 7.0. Under this condition the 
servo system maintained constant length while increasing 
tension was recorded. 

From these data, Po (maximal developed tension), 
to (time to peak tension) and dP/dtyiay (the maximal rate of 
isometric tension development) were calculated. Once the 
maximal tension had been reached, a programmed sequence 
of shortenings was activated permitting the muscle to contract 
isotonically at various levels of tension (usually 60, 30 and 15 
percent of the maximal tension). Force-velocity curves were 
obtained, using a modified equation by Hill,” by plotting the 
shortening velocity (in muscle lengths/sec) versus the relative 
force (P/P,), where P represents force levels at the different 
isotonic shortening steps. One to three preparations were 
obtained from each glycerinated heart. 


Results 
The rats in the ethanol groups consumed 26.2 to 30.3 
ml of 25 percent ethanol daily (Table I). This repre- 


sented approximately 30 percent of their daily caloric 
intake. Random blood samples, taken at various timds* 
of the day, indicated that the average level of ethanol 
in the blood was 81.5 +: 7.1 mg/dl. Initial and final body 
weights of all animals are presented in Table I. Weight 
generally decreased during long periods of ethanol 
consumption, but the reduction was significant (P 
<0.05) only in those rats consuming ethanol for 4 weeks 
before they were killed. These reductions in body weight 
were reversed by periods of abstinence. 


Mitochondrial respiration: Consumption of 25 
percent ethanol for 4 or 8 weeks led to a gradual dimi- 
nution in mitochondrial respiration with either gluta- 
mate or succinate as substrate (Table II). To determine 
the reversibility of these reductions, ethanol was re- 
moved from the diet of the experimental animals after 
8 weeks. A gradual improvement in mitochondrial res- 
piration accompanied ethanol withdrawal (Table III). 
After 4 weeks of abstinence, respiration with succinate 
had returned to near control values. Glutamate respi- 
ration increased by 9 percent above the values obtained 
after prolonged ethanol intake but was still 11 percent 
below the control levels. After 8. weeks of abstinence, 
respiration with glutamate had essentially returned to 
normal values. 

Glutamate, an NAD-linked substrate, was used to 
measure respiration through mitochondrial energy- 
coupling site I. Site I respiration was determined with 
succinate, which is flavo-protein-linked. The data in 
Table II indicate that state 3 (active) respiration with 
glutamate was diminished earlier in the study and to 4 
greater degree when compared with succinate. A re- 
duction of borderline significance had occurred in glu- 
tamate respiration within 6 weeks after the onset of 
ethanol administration (0.05 <P <0.10). After 8 weeks 
of ethanol intake, glutamate respiration was decreased 
by 20 percent (P <0.01). By comparison, succinate ' 
respiration remained unchanged after 4 weeks of eth- 























TABLE Il 
Mitochondrial Respiration After Ethanol Consumption (mean + standard error)* 
d 
Samples Glutamate- Succinate 
Groupt . ° (no.} Oxaloacetate (Rotenone) 
Control (4 weeks) ` 5 177 + 22 226 + 23 
Ethanol (4 weeks) 5 162 + 18 223420 | 
Percent change —8 
P value NS NS 
Control (8 weeks) 7 175+ 19 212+ 16 
Ethanol (6 weeks) 6 1424+ 11 1944 17 
Percent change =19 —18 
P value 0.05 < P < 0.10 NS 
Control (8 weeks) 8 190 + 11 232 4+ 10 
Ethanol (8 weeks) 9 15349 199 + 10 
Percent change —20 —14 
P value <0.01 <0.01 








* Respiration ls measured in units of nanoatoms oxygen consumed per minute per milligram of mitochondrial protein during active phosphorylation 


(state 3). 


t Animals.In the control group were maintained on a control diet, free from alcohol. 


t Two to three ventricles were pooled for each sample. 
NS = notsignificant; P = probability. 
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TABLE Ili g 
$ een of Ethanol Withdrawal-on Mitochondrial Respiration (mean + standard error)* 
m 
Samples Glutamate- Succinate ° 
E Groupt (no.} Oxaloacetate (Rotenone) 
Control (8 weeks) 8 190 + 11 232 4 10 
Ethanol (8 weeks) -9 15349 199 + 10 
Percent change —20 -1f . 
P value <0.01 <0.01 
Control (12 weeks) 5 182 + 12 239 +5 
Ethano! (8 weeks ethanol, 5 162 + 10 225 + 11 
4 weeks abstinence) —11 —3 
Percent change 
Pvalue -> NS NS 
Control (16 weeks) 3 188 + 18 246 + 16 
Ethanol (8 weeks ethanol, 3 177+ 18 234+ 8 
8 weeks abstinence —68 —§ 
Percent change 
P value NS NS 





* Respiration ls measured In units of nanoatoms oxygen consumed per minute per milligram mitochondrial protein during active phosphorylation 


(state 3). 


t Animals in the control group were maintained on a control diet, free from ethanol. 


ł Two to three ventricles were pooled for each sample. 
NS = not significant; P = probabillty. 


anol consumption, was depressed by 8 percent after 6 
weeks and by 14 percent after 8 weeks (P <0.01). 

In vitro contractility: The contractile properties of 
glycerinated heart muscle fibers were also altered to a 
significant degree after long-term ethanol consumption 
(Table IV). After 4 weeks, P, (maximal developed ten- 
sion) was reduced by 25 percent (P <0.0025). However, 
after this initial marked decrease, a further diminution 
of only 8 percent occurred during the next 4 weeks of 
ethanol intake. Maximal rate of isometric tension de- 
velopment (dP/dtmax) was significantly altered during 
the first 4 weeks of ethanol consumption (P’<0.01): This 
variable continued to decrease, with the reduction 
reaching 52 percent of control values after 8 weeks (P 
<0.01) (Table IV). Time to peak tension (to) and V max 


(shortening velocity at zero load) were both affected to 
a lesser extent than maximal developed tension (P,) and 
dP/dtmax after chronic ethanol consumption. No sig- 
nificant changes occurred in to until after 8 weeks of 
ethanol ingestion. At that time, 29 percent difference 
was found between the control and ethanol groups (P 
<0.05). Vmax also declined, although considerable 
variation was found (Fig. 1, Table IV). 

As was the case with mitochondrial respiration, in 
vitro contractility improved steadily after removal of 
ethanol from the diet (Table V). Po, although still sig- 
nificantly reduced after 4 weeks of abstinence (P <0.01), 
was similar in both'the control and ethanol groups 8 
weeks after ethanol withdrawal (Table V). Values for 
V max Were 25 percent lower in the experimental animals 











TABLE IV 
In Vitro Contractliilty After Ethanol Consumption (mean + standard error) 
Samples Po to *  dP/dtmax Vmax (muscle 
Group“ (no.)t (mg/mm?) (sec) (mg/min per mime) lengths/sec)! 
Control (4 weeks) 11 694 + 38 7849 1028 + 137 0,389-0.505-0.668 
Ethanol (4 weeks) i 9 518 + 38 8447. 631 + 66 0.286—-0.313-0.402 
Percent change —25 +7 —29 —38 
P value - <0.0025 NS 0.01 NS 
Control (8 weeks) 7 684 + 104 76 + 17 1124 + 219 0.264—0.466-0.724 
‘Ethanol (6 weeks) 9 492 + 55 939 674 + 177 0.230-0.282--0.334 
Percent change —29 +18 —30 —40 
P value <0.05 NS <0.05 NS 
Control (8 weeks) 7 651 + 65 7549 930 + 175 0.333-0.443-0.567 
Ethanol (8 weeks) 8 437 + 74 106 + 14 444475 <0.307,5 > 
Percent change —33 +29 —52 —31 
P value <0.0025 <0.05 <0.0125 NS 











* Animals in the control group were maintained on a contro! diet, free from ethanol. 


t Two to three ventricles were pooled for each sample. 
+ Data Indicate 95 percent confidence limits. 
§ Confidence limits could not be obtalned from computer plot. 


dP/dtma, = maximal rate of Isometric tension development, NS = not significant; P = probabillty. Po = maximal developed tension; to = time 


to peak tension; Vmax = shortening velocity at zero load. 
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after 4 weeks of abstinence. However, after 8 weeks of 
ethanol abstinence, V ma. had also returned to control 
levels and to had likewise improved. No significant 
differences were found between the two groups after 4 
or 8 weeks of sobriety (Table V). dP/dtmax, which was 
‘reduced more than any other contractility index after 
chronic ethanol intake (52 percent), exhibited the 


CONTROL GROUP 


Velocity In Muscle Length / Sec. 


P/P, 


FIGURE 1. Computer plot of the force-velocity relation (P/P,) of glycerinated heart muscle fibers. Control animals (left panel) were placed on a 
nonaicchollc dlet for 16 weeks. Animals in the ethanol group (right panel) received 25 percent ethanol for 8 weeks, and then on a nonalcoholic 
dlet for an additional 8 weeks. The data are points fitted to a biaia hyperbola (solid line) by a modified least-squares method. Vmax is the 
intercept of this curve on the velocity axis. 


TABLE V 





slowest recovery after abstinence (Table V). It was still 
15 percent below the control level 8 weeks after ethanol. 
was removed from the diet. 


Discussion an 


Although a considerable amount of clinical and bio- 
chemical information pertaining to alcoholic cardio- 


ALCOHOL GROUP 





0.5 1,0 


` Effect of Ethanol Withdrawal on in Vitro Contractility (mean + standard error) 


Samples P 


o 
Group* (no. "yt (mg/mm?) 
Control (8 weeks) +7 651+ 66 
Ethanol (8 weeks) -. 8 437 + 75 

Percent change *—33 

P value R 0.0025 
Control (12 weeks) * 10 636 + 48 
Ethanol (8 weeks 7 465 + 37 

ethanol, 
4 weeks 
abstinence) 

Percent change =27. 

P value 0.01 
Control (16 weeks) 8 661 + 53 
Ethanol (8 weeks 9 637 + 63 

ethanol, 
` 8 weeks 
abstinence) 
Percent change . —4 
P value NS 


to GP/dtmax Vmax (muscle 
(sec) (mg/min per mm?) lengths/sec)* 
76+9 830 + 175 0.264—-0.443-~-0.724 
106 + 14 444 +75 0.307 
+29 —52 ~31- 
0.05 0.0125 NS 
653 1027 + 97 0.425-0.544--0.685 
7247 738 + 64 '0.304-0.410-0,528 
+10 —28 —25 
NS 0.025 NS 
7346 973 + 140 0.339-0.466--0.801 
78+ 12 827 + 149 0.335-0.460-0.605 
+6 —16 -1 
\NS NS NS- 


* Animals in the control group were maintained on a control diet, free from ethanol. 


t Two to three ventricles were pooled for each sample. 

+ Data Indicate 95 percent confidence limits. 

$ Confidence limits could not be obtained from computer plot. 
Abbreviations as In Table IV. 
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myopathy has been reported, relatively little informa- 
on éxists concerning the effects of sobriety after 

Ingthy periods of ethanol consumption. It is currently 
believed that the myocardial abnormalities associated 
with alcoholic cardiomyopathy, such as decreased 
myocardial contractility after angiotensin,‘ cardiac 
enlargement? and electrocardiographic changes,23 
return to normal after cessation of alcohol intake. De- 


makis et al.? followed up 57 patients with cardiomyop- ` 


athy associated with alcoholism for an average of 40.5 
months; of the patients who abstained during the course 
of the study, 61 percent improved clinically. They stated 
that “abstinence from alcohol and the short duration 
of symptoms, before therapy was started, were two 
factors associated with favorable prognosis.”? Mc- 
Donald et al.” likewise reported that the prognosis is 
improved in patients consuming ethanol chronically for 


shorter periods of time.2> However, biochemical data - 


to support these clinical findings have been lacking. The 
results of our study confirm the current clinical im- 


pression concerning sobriety ‘by demonstrating that , 


myocardial damage occurring as a result of chronic 
ethanol consumption (in this case, depressed mito- 
chondrial respiration and impaired in vitro contractil- 
ity) are reversible at certain stages after abstinence from 
ethanol. 

Mitochondrial respiration and in vitro contractility 
of glycerinated heart muscle fibers were chosen as bio- 
chemical indexes for recovery because several reports 
have demonstrated significant changes in these vari- 
ables after chronic alcohol intake.9-!5-16,2¢-23 If absti- 
nence does indeed result in a reversal of the cardiac al- 
terations commonly associated with alcoholism, such 
reversal might be reflected in these functions. 

Mitochondrial function: A correlation between 
chronic ethanol consumption and diminished mito- 
chondrial respiration has been well documented.®13-16 
Recently, attempts have been made to define the rela- 
tive effect of ethanol on various sites of mitochondrial 
energy coupling. Lehninger and others®%3! have shown 
that energy-linked ATP production occurs at three 


distinct sites along the mitochondrial electron transport ` 


chain. Site I is thought to encompass the NAD-linked 
dehydrogenases, site II the ubiquinone-cytochrome b 
region of the chain and site III the cytochrome ¢ por- 
tion.5? Several electron-donating substrates have been 
described that direct electrons into specific energy- 
coupling sites. Therefore, damage to the individual sites 
can be determined by examining the rate at which res- 
piration occurs in the presence of these various sub- 


strates. 


Cederbaum et al.53.54 demonstrated that in Kvet mi- 
tochondria isolated from rats consuming 36 percent 
ethanol for 24 days, both active (state 3) and resting 
(state 4) respiration were more severely diminished with 
NAD-linked substrates (glutamate, alpha-ketoglutarate 
and beta-hydroxybutyrate). These substrates direct 
electrons through site I. In vitro studies3335 have also 
implicated acetaldehyde, the initial product of ethanol 
oxidation, in reducing muechondral respiration in the 


site I region. 
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In our study, mitochondrial respiration with gluta- 
mate was depressed earlier and to a greater degree than ` 
respiration with succinate, which introduces electrons 
through site II. After 4 weeks, glutamate respiration was 
diminished by 8 percent from control values but respi- 
ration with succinate was relatively unchanged (Table 
II). However, after 8 weeks, respiration with both sub- 
strates was significantly reduced (P <0.01), although 
respiration with glutamate was still depressed to a 
greater degree (20 percent). Previous work in our lab- 
oratory!® has shown that after 29 months of ethanol 
consumption, mitochondria isolated from canine 
myocardium demonstrated an identical reduction with 
either glutamate or succinate as substrate.1® It appears 
likely, therefore, that the site of mitochondrial damage 
resulting from chronic ethanol consumption is more 
specific in the early stages. 

To determine the reversibility of these reductions in 
mitochondrial respiration after cessation of ethanol 
consumption, rats that had consumed 25 percent eth- 
anol for 8 weeks were placed on a nonalcoholic diet for 
either 4 or 8 weeks. After 4 weeks of sobriety, respiration 
with both glutamate and succinate was increased, al- 
though respiration with glutamate was relatively lower 
(Table HI). After 8 weeks of abstinence, glutamate 
respiration had also returned to near control values. 

Changes in myocardial contractility: As with 
mitochondrial respiration, withdrawal of ethanol es- 
sentially reversed the changes in contractility. After 8 
weeks of ethanol intake, followed by 4 weeks of absti- 
nence, marked alterations still remained in the maximal 
developed tension (Po), time to peak tension (to), and 
the maximal rate of isometric tension development 
(dP/dtmax) (Table V). The shortening velocity at zero 
load (Vmax) also was reduced in the experimental ani- 
mals at that time. However, after an additional 4 weeks 
of abstinence, no significant differences were found in 
either Po, Vmax OF to. dP/dtmax was still reduced 15 
percent in the experimental animals. 

Chronic ethanol consumption had a direct effect on 
the contractility of glycerinated heart muscle fibers. 
Changes were found to be greater after longer periods ` 
of ethanol consumption. Po and dP/dtma, were both 
significantly diminished (P <0.01) after 4 weeks of 
ethanol ingestion (reduced by 25 and 29 percent, re- 
spectively). After this large initial decrease, P, dimin- 
ished only slightly thereafter (Table IV). dP/dtmax, on 


. the other hand, continued to decrease rapidly, and was 
` reduced by 52 percent after 8 weeks of ethanol con- 


sumption (Table IV). Values for to increased at a much 
slower rate and were not significantly elevated until 
after 8 weeks of ethanol consumption (P <0.05). 
Reversal of diminished myocardial contractility re- 
sulting from ethanol has previously been demonstrated 
in the isolated perfused rat heart.2225 Lochner et al.?? 
found significant reductions in contractility, with high 
levels of ethanol in the perfusion fluid. When the heart 
was subsequently perfused with lower concentrations 
of ethanol, these indexes returned to near control values. 
Similar results have been found by Gimeno et al.”8 
Some questions have been raised concerning the use 
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of the glycerinated heart muscle preparation. This 
preparation was used because it eliminated systems of 


activation related’in membrane activities, and serves . 


as a model of the contractile elements. When this system 
is used, assurance must be obtained that the electrical 
activation mechanism is removed after glycerination, 
that, as in fresh muscle preparations, the fibers are 
‘oriented in a single direction and that the diminution 
in sarcomere length during contraction is comparable 
_ in different preparations. Experiments with glyceri- 
‘nated muscle fibers, first prepared by Szent-Gydrgyi,36 
have established that these fibers are not excitable by 
electrical stimulation. Henry et al.37 demonstrated that 
glycerination of muscle fibers for 8 days preserved cal- 
.cium activity. In our experiments, photomicrographs 
showed that the glycerinated fibers are oriented in a 


single direction. Recent preliminary observations have 
demonstrated’ that sarcomere length diminishtd b y. 
about 5 percent after contraction and that the shor 
ening is uniform, thus making possible comparative. 
studies. 

' Clinical implications: This study was undertaken 
to determine the degree to which biochemical changes 
in the myocardium resulting from chronic ethanol 
consumption can be reversed after abstinence from 
ethanol. The results in this report demonstrate that the 
decline in both mitochondrial respiration and in vitro 
contractility can be arrested after cessation of ethanol 
intake. These results at a cell level tend to support the 
clinical findings that at certain stages the effects of 
chronic alcoholism on the heart can be arrested and 
reversed by abstinence. 
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Normal Aortic Valve Function in Dogs 


Previous trlleaflet aortic prostheses failed from fatigue and flexion stresses 
because their design was not based on the physiology of the normal valve. 
The dynamics of normal aortic valves were studied In terms of movement 
of aortic valve commissures and leaflets In vivo. Eight dogs were placed 
on total cardiopulmonary bypass; through an. aortotomy, radiopaque 
platinum markers were placed on the commissures at the level of leaflet. 
coaptation and at the center of the leaflets’ free edge. Three dogs were 
studied immediately and five dogs after 10 or more days. Marker move- 
ment in the beating heart was recorded under fluoroscopy on videotape. 
The aortic root expands 12 + 0.4 percent (mean + standard error of the 
mean) during systole at a blood pressure of 120/80 mm Hg; it expands 
8.5 to 24 percent at blood pressures ranging from 50/30 to 240/180 mm 
Hg. The relation between aortic root diameter and blood pressure Is similar 
to a classic tension-radius relation of the aorta. The aortic root diameter 
Is controlled by blood pressure and by the pressure gradient across the 
valve. The functional elastic modulus of the aortic root Is 4.4 X 108 
dynes/cm?. Expansion of the aortic root begins 20 to 40 msec before the 
valve opens. The velocity of leaflet opening is 97 cm/sec. The orifice of 
the opened valve is circular and maximal at the beginning, gradually 
decreasing to the point when the valve snaps shut. Commissural expansion 
gives a smooth opening, tess shear stress on the leaflet surface, less 
flexion stress at the center of the leaflet and less fatigue strain on the 
leaflet, thereby maximizing the life and efficiency of the aortic valve. If 
these characteristics were Incorporated Into aortic prostheses, prosthetic 
failure due to fatigue and flexion stresses should be reduced. 


Several trileaflet prostheses have been designed for replacement of the 
human aortic valve. Of those used clinically, all have failed because of 
fatigue stress.! It is probable that these designs were based on gross 
observation of the aortic valve in diastole and on vague unsupported 
theories of function. The rational development of a trileaflet aortic 
prosthesis should be based on both structure and function of the normal 
valve. A knowledge of function must include understanding of the me- 
chanical properties of the leaflets as well as those of the supporting 
structures. Previous ex vivo studies have indicated that the aortic root 
is elastic and that it expands during systole.? The patterns of in vivo 
motion of the aortic valve commissures and leaflets obtained with the 
present technique may also be useful in identifying similar patterns 
obtained with echocardiography. To.determine the precise in vivo motion 
of various critical points of the aortic root and leaflets, measurements 
made in lightly anesthetized dogs were analyzed. The mechanical 
Proparin of the aortiċ root and the leaflets were also determined. 


Materials and Methods- 


Procedure: Eight dogs weighing 20 to 30 kg were anesthetized with peut 
barbitol (25 mg/kg) and placed on cardiopulmonary bypass by means of a right 


NORMAL. AORTIC VALVE FUNCTION—THUBRIKAR ET AL 


thoracotomy. An aortotomy was performed just above the 
aortic sinuses, and small platinum cylinders (1 by 1 mm) were 
affixed to the aortic wall in each of the three commissures at 
` the level of leaflet coaptation (Fig. 1). In addition, platinum 
clips were placed at the center of the free edge of two aortic 
leaflets. The aortotomy was closed, cardiopulmonary bypass 
discontinued ‘and the thoracotomy closed. Three dogs were 
_ studied 2 hours after their operation, and five dogs were al- 
lowed to recover. These five dogs were lightly anesthetized 10 
or more days latey and then studied. Two of these dogs were 
studied repeatedly. During the study, arterial pressure was 





FIGURE 1. The aortic valve opened by a vertical incision through the 
noncoronary sinus. L, R and N are the leaflets corresponding to the left, 
right and noncoronary sinuses, respectively. The dotted line shows the 


level of leaflet coaptation. Three radiopaque markers In the commis- . 


sures at the level of leaflet coaptation are represented by closed circles. 
Two radiopaque markers at the center of the free edge of the left and 
right noncoronary sinus leaflets are represented by vertical bars. 





FIGURE 2. Aortic valve In.the closed position. The portion of the leaflets 
shown is between the base and the level of coaptation; for clarity, the 
redundant portion of the leaflet has been omitted. One of the sinuses 
Is shaded to give perspective to the sinus bulge. An X-ray beam along 
the axis of the aorta (arrow pointing downward) projects the com- 

` missural markers In a triangle and the leaflet markers at the center as 
shown below the valve: An X-ray beam perpendicular to the axis of the 
aorta (arrow pointing leftward) projects the commissural markers in 
a straight line and the leaflet markers below the stralght line as shown 
to'the left of the valve.- 


ena . Anr. aame å m a 


recorded from a catheter in the ascending aorta, carotidartery 
or femoral artery. The lead H electrocardiogram and. thf ° 
systemic pressure were recorded and synchronized with the 


f fluoroscopic videotape recordings. The dogs were positioned . 


under an image intensifier to permit recording either at right 
angles or parallel to the axis of the aorta. In the first projection, 
at right angles to the axis of the aorta, the three markers at the 
commissures were in a straight line (Fig. 2). In the second ` 
projection, parallel to the long axis of the aorta, the markers . 
formed a triangle (Fig. 2). By using these two projections, it 
was possible to eliminate the error due to heart rotation and 
yaw. The dog was then rotated 180° on its spinal axis and the 
two projections were repeated. This procedure eliminated any 
error due to movement of the aortic root toward or away from 
the image intensifier during the cardiac cycle. The systemic 
arterial pressure was then increased by infusing levarterenol 
or decreased by infusing nitroprusside, and the studies were 
repeated. 

Analysis and measurements: The videotapes were ana- 
lyzed with use of stop-motion display on a television screen. 
The positions of the markers at the commissures and on the 
leaflets were marked on a transparent acetate paper, the 
videotape was then advanced one frame and the new position 
recorded: This allowed maximal utilization of the videotape, 
with 60 frames/sec for analysis. The movement of the markers 





FIGURE 3. Unretouched Tra frames of a cineradlograp of thea aortic 
valve showing the radiopaque markers. Panels A and B were obtained 
with the X-ray beam along the axis of the aorta. A, In diastole, the three 
commissural markers form a triangle and the two leaflet markers appear 
In the center. Arrows indicate the direction in which the leaflet markers 


move when the vaive opens. B, In systole, the two leaflet markers In - 


dicate that the orifice of the opened valve is circular. C and D were 
obtained with the X-ray beam perpendicular to the axis of the aorta. C, 
In diastole, the three commissural markers form a straight line and the 
two leaflet markers appear below the plane of the commissures. Arrows 
indicate the directlon In which the leaflet markers move when the valve 
opens. One catheter in the left ventricle and another Just above the valve 
are also visible. D, in systole, the three commissural markers are still 
in a straight line but the relative distance between the.markers has 
changed because of the rotation of the heart (two markers on the left 
appear to touch each other). The two leaflet markers above the plane 
of the commissures Indicate once more that. the orifice of the opened 
valve is circular. 
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FIGURE 4. Phasic plot of leaflet motion (the distance between two 
leaflet markers), commissural perimeter {perimeter of a triangle formed 


` by commissure markers) and ascending aortlc pressure. The graph ‘ 


shows rapid opening of the leaflets, maximal opening in early systole, 
gradual decrease in the opening during systole and a rapid closure of 
the leaflets. The commissures expand during systole and the expansion 
begins 20 to 40 msec before the valve opens. 


was recorded and analyzed for three consecutive cardiac:cycles 
in each projection and at each level of blood pressure. For the 
triangular projection, the perimeter of the triangle was com- 
puted for each frame (Fig. 3). The distance between two leaflet 
markers was also measured and used as an indicator of an 


opened or closed valve and of the configuration of the open - 


valve (Fig. 3). Figure 4 shows a single graphic representation 
of (1) the distance between two leaflet markers, (2) the com- 
missural perimeter, and (3) the simultaneous aortic blood 
pressure. Analysis of the movement of the commissural 
markers when recorded in a straight line.,projection can be 
complicated because of the rotation of the heart (the mathe- 
matical approach to this analysis is explained in the Appen- 
dix). In this projection the position of the markers is recorded 
on acetate paper, as previously, described for the triangular 
projection (Fig. 3). The plot of the radius of a circle dtawn 
through the commissures and the distance between the two 
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TABLE | 


Measurements of Perimeters of'Commisbures and Modulus 
of Elasticity In Five Dogs . 





Days 
Post- Blood i E 
Dog operative Pressure (dynes/ 
no. _ (no.) (mm Hg) AP, + SD(%) cm? X 105 
9 5 Unanesthetized 11.3407 ° hs 
11 CA 110/65 11.8 + 1.0 3.81 
55 FA 120/78 11.7 4 1.1 3.59 
104 FA 126/85 10.7 + 0.8 3.83 
202 Asc Ao 102/60 12.0 + 1.0 3.5 
10 11 Unanesthetlzed 11.4 + 1.9 ae 
13 11 FA 135/100 11.7 + 2.0 2.99. 
32 FA 145/66 12.9 + 1.5 6.12 
165 Asc Ao 102/70 12.6 + 0.8 2.54 
16 152 Asc Ao 140/97 12.3 + 0.5 3.50 
20 11 FA 180/100 14.0 + 2.0 5.71 
Mean 12.0 
SEM 0.4 





Asc Ao = ascending aorta; CA = carotid artery; E = modulus of 
elasticity; AP, = percent change In the perimeter of the commissural 
triangle; FA = femoral artery; SD = standard deviation; SEM = standard 
error of the mean. 


leaflet markers with the simultaneous systemic blood pressure 
were similar to those shown in Figure 4. 


Results 


Cyclic expansion of the aortic root: During systole, 
the aortic valve commissures of all animals diverged; 
that is, the aortic root expanded during systole in each 
heart cycle (Fig. 4). The average change in the perimeter 


of the commissures of the five animals undergoing 


long-term studies was 12 percent (standard error 0.4) 
in the normotensive controlled state with the blood 
pressure ranging from 102/60 to 180/100 mm Hg (Table 
I). The expansion of the aortic root began 20 to 40 msec 
before the opening of the valve. In the three animals 


{J 


FIGURE 5. Phasic plot of leaflet motion, commissural perimeter and aortic pressure showing the effect of a wide range of systemic pressure on 
commissural perimeter In one animal. Only one representative heart cycle is shown at each systemic pressure. The commissural perimeter decreases 


when systemic pressure decreases. 
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PERIMETER « 
(mm) 


‘60 


80 100 120 140 


` PRESSURE IN THE ASCENDING AORTA (mmHg) ` 


` undergoing:only short-term studies, the changes in the 
commissural perinieter weré, respectively, 9.6, 15.4 and 
18 percent. Because these animals were in hemody- 
namically unstable condition these data were excluded 
from further analysis. 

The modulus of elasticity of blood vessels was de- 
fined by Peterson? as E =. AP/(AR/R) and was calcu- 
lated using the change in the perimeter of the commis- 
sures because the perimeter is directly proportional to 
the radius. The functional modulus of elasticity of the 
aortic root ranged from 2.5 to 6.1 X 105 dynes/cm? for 
` a cyclic systemic pressure tange of 102/60 to 180/100 
mm Hg (Table I). _ . 

Effect of variations in gortic pressure on com- 
missure perimeter: This effect on the commissure 
perimeter and on the amount of cyclic commissural 
expansion is presented in Figure 5. The cyclic com- 
missural expansion for the same pulse pressure was 
greater at lower than at higher diastolic pressure. The 





160 


commissural perimeter decreased in diastole and in’ 


systole with decreases in the aortic pressure.’ This 
relation is presented in Figure 6. An important obser- 
vation was that at any given pressure the commissural 
perimeter was always larger during systole than during 
_ diastole. 

Leaflet motion: The leaflets moved to the open po- 
` sition with a velocity of 97 + 5 cm/sec. The orifice of the 
opened valve was circular and the maximal opening was 
- achieved early i in systole, after which there was a gradual 
decrease.in the orifice (Fig. 4) followed by a rapid closing 
_ of the valve leaflets at a velocity of 84 + 5 cm/sec. 


Discussion 


Elasticity of aortic root: The cyclic expansion of the 
- commissures suggests that the aortic root is an elastic 
structure. Thé modulus of elasticity calculated from the 
cyclic éxpansion is termed a functional modulus of 


elasticity. The elastic modulus of most elastic materials . 


including the aorta and the aortic root changes with 
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FIGURE 6. Relation between aortic pres- 
sure and commissural perimeter In one 
animal. The commissural- perimeter at 
various systolic aortic pressures is Indi- 
cated by closed triangles and at diastolic 
aortic pressures by closed circles. Dia- 
„stolic and systolic curves Indicate the 
relation with the valve in closed or opened 
position, ‘respectively. For a pressure 
change from 80 to 120 mm Hg the com- 
‘missural perimeter increases from A toB ` 
If the valve remains closed or from C to D 
if the valve remains opened (4 to 5 percent 
Increase In elther case). However, for the 
same pressure change the commissural 
perimeter Increases from A to D if the 
valve goes from a closed to an open posi- 
tlon (12 percent increase). - 


180 200 220 240 


pressure (Fig. 6). Theoretically, the elastic moduli of the 
aortic root of several dogs can be compared with each 
other only if they have been calculated from the same 


f systolic/diastolic pressures measured in the aortic root. 


This condition is impossible to obtain in different dogs 
in the normotensive state when the effect of drugs is 
avoided. However, an approximate estimate of the 
elastic modulugin the normotensive state can be madé 
by using thé cyclic commissural expansion and the si- 
multaneous systemic pressure. The calculations in 
Table I were made from pressures measured at different 
points in the aorta, the carotid artery and the femoral 
artery. Despite the potential of error from the use of 
different sampling sites, the calculated values of elastic | 
moduli fell into a narrow range of 2.5 to 6.1 X 10 


. dynes/cm?. Because these values are within the range 


of scatter expected in the measurement of elastic 
modulus, they can be considered representative of an 
average property of the aortic root of the dog. The heart 
rate ranged from 100 to 240 beats/min and had no effect . 
on the magnitude of cyclic expansion. 

Aortic elasticity, blood pressure and state of - 
aortic leaflets: The observed cyclic expansion of the 
commissures cannot provide the complete explanation 
of the elasticity of the aortic root because only part of 


- thé expansion occurs in response to the aortic pressure 


pulse. Figure 6 represents the relation of the commis- 
sural perimeter in systole and diastole to the simulta- 


_ neous systolic and diastolic aortic pressures. This is 


similar to the-tension-radius relation of the aorta in 
which aortic radius increases with increases in pressure.‘ 


However, two distinct curves represent this relation, 


depending upon whether the measurements were made 
during systole or diastole. If either curve is considered 
alone there should be only a 4 or 5 percent expansion of 
the commissures (commissural perimeter changing from 
A toB or C to D in Fig. 6) when the pressure is increased 
from 80 to 120 mm Hg, if one assumes that the com- 
missures expand only in response to the aortic pressure. 
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Thus, the actual distensibility of the aortic root should 
-ke less (4 to 5 percent expansion) thar its functional 
istensibility (12 percent expansion) for a pressure of 
120/80 mm Hg. The greater cyclic expansion of 12 per- 
cènt (commissural perimeter changing from A to D) 
must therefore be due not only to the change in aortic 


pressure but also to a change in the state of the valve ` 


leaflets. The open valve has a larger perimeter of the 
commissures (corresponding to point C) than the closed 
valve (corresponding to point A) at-any given pres- 
sure. 

Two factors may be responsible for this: (1) leaflet 
pull, and (2) the constraining effect of the base of the 
aortic root. In diastole, the leaflets are under tension and 
exert an inward pull on the aortic root, thereby de- 
creasing the perimeter of the commissures. This inward 
pull is released in systole and therefore allows an in- 
crease in the perimeter of the commissures at any given 
pressure. This leaflet pull, which depends upon the 
pressure gradient across the leaflet, should diminish 


during isometric ventricular contraction as the ven-- 


tricular pressure increases before valve opening. This 
would explain the commencement of commissural pe- 
rimeter enlargement 20 to 40 msec before the valve 
opens. In considering the constraining effect of the base 


of the aortic root, one should note’that, in systole, the . 


pressure at the base of the leaflets is high and thus en- 
largement should occur at this point. However, in 
diastole, because of the lower ventricular pressure, di- 
latation would not be expected because,the base would 
be acting as a constraint. Initiation of enkargement of 
the base with an increase in ventricular pressure during 
isometric contraction could also account for the en- 
largement of the perimeter of the commissures before 
the valve opens. g 
Protection against aortic regurgitation: The 
unique structure of the aortic valve provides its own best 
defense against aortic regurgitation, as can be seen on 


the basis of the two curves discussed. It provides a ` 


greater degree of commissural expansion when needed, 


as when the leaflets go from the closed to the open po- ` 


sition, and a lesser degree of commissural expansion 
when the greater expansion could be harmful. Because 
of elasticity of the aortic root, the commissures can be 
pulled outward by the aortic pressure and inward by the 
leaflet pull in the closed position. In a closed valve, if the 
aortic pressure increases by a certain amount, the 
commissures expand less than they would if there were 
no leaflets. This controlled and limited expansion of the 
commissures in a closed position provides a greater 
margin of safety against the development of aortic re- 
gurgitation in the presence of hypertension. 

The aortic valve opened to a nearly circular configu- 
ration over a pressure range of 50/80 to 240/180 mm Hg. 
The valve opened more rapidly than it closed. The ori- 
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fice of the opened valve decreased gradually during. 
systole. 
Factors reducing valve leaflet stresses and fa 

tigue strain: The observation of systolic expansion of- 
the commissural perimeter is important in under- 
standing the durability and efficiency of the normal 
aortic valve. Systolic expansion of the commissures, 
combined with the circular opening of the valve leaflets, 
would provide a smooth orifice minimizing the shear 
stresses on the leaflet surfaces and reducing the bending 
stresses at the point of leaflet attachment. It would 
decrease the folding of the leaflets in the open position, 
and thereby decrease the flexion stresses at the center 
of the leaflets. It would also decrease the fatigue strain 
on the leaflets. According to the law of Laplace (tension 
= transmural pressure X radius), the tension in the 
leaflets is high in diastole (because of the high 
transmural pressure) and low in systole (because of a 
low transmural pressure). The outward motion of the 
commissures in systole increases the radius of the 
leaflets, thereby increasing the tension and reducing the 
amount of change in leaflet tension during the cardiac 
cycle. Thus, systolic commissural expansion will reduce 
the fatigue strain on the leaflets. If the normal systolic 
expansion of the aortic root is ignored in the design of 
trileaflet prostheses, early fracture of the leaflets should 
occur as a result of flexion stresses and fatigue 
strains. 


Clinical Implications: Design of Trileaflet Prostheses 


The observation of the systolic expansion of the 
commissures of the aortic valve in every heartbeat 
implies the importance of this expansion in aortic valve 
function. The dependence of the degree of commissural 
expansion on the elasticity of the aortic root and on the 
state of the aortic valve leaflets, whether the leaflets are 
opened or closed, indicates an interaction between these 
two factors to provide a protection against aortic re- 
gurgitation in the presence of systemic hypertension. 
The systolic commissural expansion provides a smooth 
orifice, less shear stress on the leaflet surface, less flexion 
stress at the center of the leaflet and less fatigue strain 
on the leaflet, thereby maximizing the life span and 
efficiency of the aortic valve. A reduction in the com- 
missural cyclig expansion of diseased aortic roots could 
cause a deterioration of the leaflets. If these observa- 
tions are neglected in the deSign of trileaflet prostheses, 
failure of the leaflets is apt to occur from fatigue and 
flexion stresses. 
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Appendix 


AB 
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Ao = 
BO = 
CO = 
AB= 


` BC = 


Relation between the projections A, B, C of the points nil 
B!, C! and (i) the radius (R) of the circle and (ii) rotation (@) 
of the circle (Fig. 7): 


R cos ($2 — a) 
R sin a i 
R cos (6; + a) 
AO + BO 
= R [cos (@2 — a) + sin a] 1 
CO — BO = R [cos (6; + a) — sin a] 


1 


Denoting AB/BC = K and simplifying, we obtain 


K cos 6; — cos fg 2 


T area ON od 
ae 1+K +K sin 6; + sin 62 


By measuring the distances AB and BC, one can compute a 
and R, using equations 1 and 2. The commissural markers can, 
be represented by A!, B1, C1, and the radius and rotation of 
the root can be computed by measuring the distances between 
their projections. However, to compute a and R one also needs 
to know the angles #, and 62, which can be measured from the 
*Silastic® cast of the aortic root. Thus, for each value of AB and 
BC obtained from each frame in a straight line projection (Fig. 
3), one obtains a corresponding value of R and a. 
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Sixty-six hearts were examined in which a single arterial trunk, leaving 
the base of the heart through a single semilunar valve, supplied the aorta, 
pulmonary artery and coronary arteries. Careful attention was pald to the 
Infundibular morphologic features in these hearts, and these were com- 
pared with findings in 24 hearts with single aortic trunk, pulmonary atresia 
and ventricular septal defect. It was concluded that the two anomalies 
represented morphologically discrete conditions. This was particularly 
true with regard to the disposition of the Infundibular septum, the ventrl- 
culo-infundibular fold and the relation of the coronary arteries to the 
semilunar sinuses. Although it is theoretically possible for a heart with 
true persistent truncus arteriosus to have absence of the pulmonary trunk 
and right and left pulmonary arteries, it Is argued that such hearts 
(“truncus type IV”) are best classified as pulmonary atresia with ven- 
tricular septal defect. It is also argued that hearts with a common arterlal 


trunk supplied through discrete ventricular outflow tracts and two semi- 


lunar valves are best considered examples of aorticopulmonary window. 


, It ls suggested that persistent truncus arterlosus Is best defined as that 


condition in which a single arterial trunk leaves the heart through a single 
semllunar valve and supplies the aorta, one or both pulmonary arterles 
and the coronary arteries. 


Several recent investigations have demonstrated that certain aspects’ 
of persistent truncus arteriosus remain topics of controversy. The first 
controversy relates to definition and nomenclature. Lev and Saphir! 
defined persistent or common truncus arteriosus as that anomaly in 
which a single arterial trunk leaving the heart gave rise to the coronary, 
systemic and pulmonary arteries. In contrast, Collett and Edwards? 
considered the pulmonary and aortic circulations rather than arteries 
the criteria for definition of persistent truncus, and included in their 
classification cases in which the pulmonary circulation was supplied from 
the descending aorta in the al’sence of the central pulmonary arteries. 
In 1965 Van Praagh and Van Praagh® excluded this latter anomaly from 
their classification of truncus arteriosus communis, and they recently 
restated this viewpoint.* However, Thiene et al.® have rightly pointed 
out that in embryologic terms it may indeed be possible for a true truncus 
arteriosus communis to exist with agenesis of the sixth arch. In both their 
investigations, Van Praagh and colleagues®* further maintained that 
hearts with separate semilunar valves and a common aortopulmonary 
arterial channel should also be considered variants of truncus arteriosus, 
and. they strongly defended this standpoint® after criticism by Ed- 
wards. 

The second major controversy is related specifically to the morpho- 
genesis of the anomaly. Since its first description in 1864 by Buchanan,® 
persistent truncus arteriosus has generally been considered to result from 
failure of growth and fusion of embryonic truncoconal ridges. However, 
in both their papers Van Praagh and colleagues®-* considered truncus 
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Verttriculo ~infundibular Fold 


Septum 





Trabecula Septo-marginalis 


arteriosus communis the end result of differential conal 
growth, being “in essence” a tetralogy of Fallot with 
pulmonary atresia. They suggested that the only dif- 
ference between the two conditions was partial or total 
absence of the aorticopulmonary septum. 

With these controversies in mind, we studied 66 
hearts with persistent truncus arteriosus and 24 hearts 
with pulmonary atresia and ventricular septal defect. 
If these two conditions indeed have a common mor- 
phogenesis related to défective development of the in- 
fundibulotruncus, then this should be reflected in the 
definitive hearts by close similarities in the structure 





Ventriculo -infundibular Fold 





a i infundibular Septum A e 


FIGURE 1. Diagrams to indicate the 
structures surrounding the right 
ventricular outflow tract in a hypo- 
thetical case of double outlet right 
ventricle (RV). Three structures are 
defined: the ventriculo-infundibular 
fold, the Infundibular septum and the 
trabecula septomarginalis. A, pari- 
etal view of the opened right atrium 
: (RA). B, transverse sectlon through 

i plane B-B In A viewed from be- 
neath. Ao = aorta; MV = mitral 
valve; PA = pulmonary artery; TV = 
tricuspid valve; VSD = ventricular 
septal defect. 


of the infundibulum and semilunar valves.3 Accordingly, 
we paid particular attention to infundibular morphology 
and the origin of the coronary arteries in these 
hearts. 


Definition of Terms 


Considerable  sliscussion has been engendered in recent 
years concesning the nomenclature of muscle masses in the 
ventricular outflow tracts, in particular, use of the term “crista 
supraventricularis.” One of us (R.H.A.), in association with 
Becker and Van Mierop,’ has suggested that this term be re- 
served for hearts with normal ventricular outflow tracts. It has 


FIGURE 2. Photographs comparing 
the infundibular anatomy of speci- 
mens of persistent truncus (A) and 
pulmonary atresia with ventricular 
septal defect (VSD) (B). A, In heart 
_ with persistent truncus (Tr), ft is 
usual for the ventriculo-Infundibular 
fold (VIF) to interpose between the 
truncal (TrV) and tricuspid valves 
(TV). There Is no evidence of an 
Infundibular septum in this heart. B, 
In contrast, in pulmonary atresia, 
the aortic valve (AoV) Is usually In 
continulty with the tricuspid valve. 
Furthermore it Is usual to find a de- 
viated Infundibular septum (IS) and 
an anterior infundibulum (Inf) leading 
to the atretic pulmonary trunk (APT). 
in both anomailes the trabecula 
septomarginalis (TSM) forms the 
floor of the defect. Ao = aorta; MPA 
= main pulmonary artery; MPM = 
medial paplilary muscle; PA = pul- 
monary arteries. 
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‘the variability In arrangement of 


- and tricuspid valves. C, effacement 


-ventriculo-Infundibular fold, per- 


. evidence of an Infundibular sep- 


further Ween suggested that, in accordance with the view of 
Lev,!° the term “conus” be avoided in describing muscle 
A ent hearts with abnormal outflow tracts. In this article, 
erefore, we have adopted the following suggested nomen- 
clatyre.? N 
“*Infundibular septum (Fig. 1): This is the muscular sep- 
tum that separates the aortic and pulmonary outflow tracts. 
It has a body together with septal and parietal insertions. In 
the normal heart, the septal insertion and the body are aligned 
and fused with the muscular interventricular septum. The 
parietal insertion arches parietally beneath the ventriculo- 
infundibular fold and, together with this structure (see later), 
forms the normal crista supraventricularis. The crista exists 
only in hearts with normally formed ventricular outflow tracts. 
In malformed hearts the infundibular septum may be recog- 
nizable as a discrete structure separating the semilunar valves 
or, as in the hearts to be described, it may be absent. 
Ventriculo-infundibular fold (Fig. 1): This structure, 
representing the inner curvature of the heart after bulbo- 
ventricular looping,!}!2 is described more appropriately by 
the term fold than by the term flange. It results from a process 


FIGURE 3. Photographs Illustrating 


structures surrounding the ventric- 
ular septal defect (VSD) in four 
casas of persistent truncus arteri- 
osus. A, discontinulty between the 
truncal (Tr) and tricuspid (TV) 
valves, due In part to the ventri- 
culo-infundibular fold (VIF) and Jn 
part to the posterlor extension (PE) 
of the trabecula septomarginalls 
(TSM). MPM. = medial papillary 
muscle. B, the trabecula septo- 
marginalls does not extend poste- 
riorly, so that there Is tricuspid- 
mitral continuity (T-M Con). How- 
ever, the ventriculo-infundibular fold 
interposes between truncal (TrV) 


of the ventriculo-infundibular fold 
Just sufficient to permit continulty 
between tricuspid, mitral and trun- 
cal valves (T-Tr-M Con). D, consid- 
erably more effacement of the 


mitting wide truncaltricuspid con- 
tinulty (Tr-T-Con), In all Instances the 
trabecula septomarginalis is In the 
floor of the defect and there Is no 
tum. 
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of infolding of the lesser curvature of the cardiac tube and 
should not be considered a solid structure.}9 It always sepa- 
rates the atrioventricular (A-V) from the semilunar valves. 
During the normal development of the heart, the véntriculo- 
infundibular fold is partly effaced to permit the aortic outflow 
tract to make contact with the left ventricle.1114-16 In the 
normal heart the right extension of this fold persists and, to-, 
gether with the parietal insertion and body of the infundibular 
septum, forms the crista supraventricularis. In persistent 
truncus arteriosus the right extension and mid portion of the 
ventriculo-infundibular fold can be variously developed, de- 
termining the extent of discontinuity between the truncal, 
mitral and tricuspid valves. When it is extensively effaced, 
trunco-mitral-tricuspid continuity is present. When it is in- 
tact, theré is discontinuity between the truncal and A-V 
valves. 

` Trabecula septomarginalis (Fig. 1): In the normal heart 
this is an extensive septal trabecula that extends from a po- 
sition just beneath the pulmonary valve toward the ventricular 
apex and continues as the moderator band onto the parietal 
wall of the ventricle. In persistent truncus arteriosus the tra- 
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becula septomarginalis is usually well developed and has a 


characteristic form. Its septal portion is Y shaped, bifurcating - 


superiorly into two limbs. The stem of the Y reinforces the 
muscular ventricular septum, and the bifurcation lines the 
lower margin of the ventricular septal defect. The posterior 
limb frequently passes backward in the floor of the defect, 

.making contact posteriorly with the ventriculo- infundibular 
fold. ; 

Truncal septum: This structure divides the truncus arte- 
riosus of the embryonic heart into aortic and pulmonary roots. 
In the normal heart it cannot be distinguished from the aor- 
ticopulmonary septum (see later), but it is presumed to be 
missing in persistent truncus. 

Aorticopulmonary septum: This is the septum that di- 

-vides the ascending segment of the aorta from the pulmonary 
trunk. 


Materlal and Methods 


We examined 66 hearts with persistent truncus arteriosus 
and 24 with pulmonary atresia and ventricular septal defect. 
The hearts were taken from the cardiopathologic collections 
of the Brompton Hospital, the Hospital for Sick Children, the 


FIGURE 4. A case with exclusively right monoventricular origin of the 
truncus, which gives rise to the aorta (Ao) and to separate pulmonary 
arteries (PA). A persistent ventriculo-infundibular fold (VIF) interposes 
between the truncal (TrV) and both the tricuspid (TV) and mitra! valves. 
The latter interposition forms the roof of a primary-interventricular 
foramen (VSD), which Is the only exit from the left ventricle. As In the 
cases In Figure 3, the floor of the defect is the trabecula septomarginalis 
(TSM). ; 





Royal Liverpool Children’s Hospital, Grimsby General Hos- 


_ pital and the University of Sheffield, United Kingdom. 


- All hearts studied were examined so as to determine atri i: 
situs and A-V and ventriculoarterial (V-A) connectio 
Particular attention was directed toward infundibular mor- 
phology and the relation of the coronary arteries to the’sem- 
ilunar valves and the sinuses of the single arterial trunk. 


Findings 
Persistent Truncus Arteriosus 


All 66 specimens exhibited situs solitus and concordant A-V 
connections. The aortic archi was to the left in 44 cases and to 
the right in 12; in 8 cases in which aortic arch interruption was 
present and 2 cases with gross isthmal hypoplasia, a large 
ductus arteriosus supplied the descending aorta, which was 
left of the spine. The cardiac apex pointed to the left in 68 
cases and to the right in 3. 

Atria: The atrial septum was intact with a sealed foramen 
ovale in eight cases. The foramen ovale was patent in 53 cases; 
sinus venosus and ostium secundum and types of septal de- 
fects were present in 1 and 5 cases, respectively, the former 
accompanying a patent foramen ovale. The pulmonary venous 
return was normal in all but one specimen, in which the upper 
left pulmonary vein drained to a persistent left superior vena 
cava. Systemic venous return was always normal except that — 
a persistent left superior vena cava drained to the coronary 
sinus in four hearts. 

All the hearts studied had right and left A-V valves with the 
morphologic features of the normal tricuspid and mitral 
valves, respectively. 

Ventricular septal defect and mitral-tricuspid-semi- 
lunar valve continuity: A ventricular septal defect, located 
in the superoanterior portion of the ventricular septum im- 
mediately beneath the semilunar valve, was present in all 
specimens. From the right ventricular aspect, the defect lay 
between the two superior limbs of the trabecula septomargi- 
nalis, which consequently formed its floor and anterior margin 
(Fig. 2A). The anatomy of the posterior margin of the septal 
defect varied depending on the extent of development of the 
ventriculo-infundibular fold. When the right margin of the 
fold was well formed, then the posterior margin of the ven- 
tricular septal defect was muscular and completely separated 
from the anterior leaflet of the tricuspid valve, the posterior 
limb of the trabecula septomarginalis fusing with the fold at 
the posterior extent of the defect. This arrangement was ob- 
served in 51 hearts (Fig. 3A). One heart exhibited a variation 
in this arrangement; although the ventriculo-infundibular fold 
separated the truncal and tricuspid valves, the trabecula 
septomarginalis did not extend posteriorly so that the mitral 
and tricuspid valves were in fibrous continuity (Fig. 3B). 

In the remaining 14 hearts, the segment of ventriculo-in- 
fundibular fold between the tricuspid and semilunar valves 
was attenuated, so that an area of mitral-tricuspid-semilunar 
valve continuity formed the posterior margin of the defect 
(Fig. 3, C and D). The central segment of the fold was atten- 
uated in all cases but one. In this single case the persistent 
ventriculd-infundibular fold completely separated the truncal 
valve from both the mitral and tricuspid valves (Fig. 4). In all 
other cases there was mitral-semilunar valve fibrous conti- 
nuity. 

The roof of the ventricular septal defect was always the 


‘truncal valve except in two hearts in which the single trunk . 


arose exclusively from the right ventricle. The roof of the de- 
fect was the persisting ventriculo-infundibular fold in one of 
the hearts (Fig. 4) and the area of semilunar mitral fibrous 
continuity in the other. In the remaining 64 hearts, the semi- 


. 
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lunar valve overrode the septal defect to various degrees. In 
seven hearts, the degree of overriding was such that the trunk 
arose predominantly from the right ventricle, producing a 
regtrigtive left ventricular outflow tract. In four hearts the 
trunk arose mostly from the left ventricle, and the right ven- 
tricular outflow tract was restricted, the restriction being 
exacerbated by hypertrophy of the trabecula septomargina- 
lis. 

Semilunar valve: The semilunar valve was bicuspid in 4 
cases (6 percent), tricuspid in 46 (70 percent), tetracuspid in 
15 (23 percent) and pentacuspid in 1 (2 percent) (Fig. 5). In 
all but two hearts, the cusps were abnormal in shape and in 
length. In 16 hearts, additional nodular thickening of the ce- 
phalic aspect and free edge of the cusps was present. Valve 
insufficiency was considered present when there was prolapse 
of one semilunar cusp.!7 Such prolapse was present in 20 
hearts, 9 with a quadricuspid valve, 7 with a tricuspid valve, 
3 with a bicuspid valve and 1 with a pentacuspid valve. In four 
hearts with insufficiency in which the valve was tricuspid, one 
cusp was much larger than the other two. 


Ant 
Right Left 
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Coronary arteries: The coronary arteries exhibited an- 
extremely variable pattern of origin regardless of the number 
of semilunar leaflets (Fig. 5). The ahterior leaflet of the mitral 
valve could be in continuity with either a coronary ar a non- 
coronary semilunar cusp. In the group as a whole, the semi- 
lunar leaflets, even in the hearts with a tricuspid truncal valve, 
could not be positively identified on the basis of coronary 
distribution. ` 

There were eight cases of single coronary artery, five cases 
of high origin of the left coronary artery alone and a single case 
of high origin of the right coronary artery alone. In four cases 
both the right and left coronary arteries arose from the same 
cusp. In two cases of single coronary artery, the coronary 08- 
tium was located very high above the posterior truncal 
sinus. 

Infundibular septum and pulmonary arteries: A careful 
search was made in all hearts for the presence of any structure 
resembling the infundibular septum. In no instance was it 
possible to recognize such a structure, the anterior margin of 
the infundibulum always supporting the anterior segment of 
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FIGURE 5. Diagrams Illustrating the cusp 
pattern and coronary arterlal origin in the 
86 cases of truncus arteriosus studied. The 
top left panel Indicates orientation. If the 
truncal valve were an aortic valve, It would 
be anticipated that the coronary arteries 
would arise from the anterlor sinuses 
(compare with Fig. 7). As will be noted, in 
hearts with a tricuspid truncal valve (mki- 
die panel) this pattern was seen In only 14 
specimens (second from right, bottom row, 
second from left, top row). Similarly, in 
most hearts with quadricuspid valves 


nuses. Ant = anterior; MV = mitral valve; 
Post = posterior, TV = tricuspid valve. 
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(bottom left panel), the coronary arteries TV MV TV 
arose from lateral rather than anterior sl- 1 1 
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the truncal valve (Fig. 2A). No clefts comparable with the 
blind-ending infundibula observed in pulmonary atresia with 
ventricular septal defect were observed (compare panels A and 
B in Fig. 2). A discrete main pulmonary trunk could be rec- 
ognized in 45 cases (68 percent); in the remaining 21 cases (32 
percent) the right and left pulmonary arteries arose separately 
from the ascending part of the trunk. 


Pulmonary Atresla and Ventricular Septal Defect 


All 24 specimens exhibited situs solitus and concordant A-V 
connections. The aortic argh*was to the left in 21 cases and to 
the right in 3; it was always morphologically normal. The apex 
always pointed to the left. A patent foramen ovale was present 
in all hearts. The pulmonary and systemic venous return were 
both normal. Two A-V valves were present in all hearts except 
one in which an atretic left A-V valve was found. In this heart 
the left atrium was in potential communication with a tiny left 
ventricle. A ventricular septal defect similar in position to that 
described in truncus arteriosus was present in all specimens. 
As in persistent truncus the floor of the defect and its anterior 
margin were formed by the trabecula septomarginalis (Fig. 
2B). The posterior margin of the defect was fibrous and closely 
related to the anterior leaflet of the tricuspid valve in the 
majority (20) of the cases (Fig. 2B). In four cases, due to the 
persistence of the right margin of ventriculo-infundibular fold 


FIGURE 6. Photographs of a spec- 
Imen with pulmonary dtresia and 
ventricular septal defectand absent 
central pulmonary arteries. 
showing the aortic origin (Ao) 
the absences of either a pulmonary 
trunk or a confluence (No PA)» B, 
showing the ventricular anatomy. 
The aorta straddles the ventricular 
septal defect (VSD), and the ven- 
triculo-infundibular fold (VIF) Inter- 
poses between the tricuspid valve 
(TV) and the aortic valve (Ao). The 
trabecula septomarginalls (TSM) is 
In the floor of the defect, and there 
Is no Infundibular septal structure. - 
C, showing that the pulmonary 
vascular supply is by way of col- 
lateral arteries (Coll) from the aorta. 
There are multiple arteries to the 
left lung (LL), a single large artery to 
the right lung. LA = left atrium; LPV, ` 
RPV = left and right pulmonary 
veins, respectively. D, showing the 
collateral arteries viewed from be- 
neath. A single large artery splits 
into a left (LColl) and right (RColl) 
collateral artery to supply right (RL) 
and left lungs, and additional arte- 
rles supply the left lung. From Its 
posttion, the presence of further 
` collateral arterles and Its texture, It 
is highly improbable that the bifur- 
cating artery Is a persistent ductus 
feeding a confluence of pulmonary 
arteries. It could be argued that this 
is an example of persistent truncus 
with absent pulmonary arteries (see 
Fig. 8). We have no scientific evi- 
dence to refute this but consider It 
preferable to classify the case as 
pulmonary atresia with ventricular 
septal defect (see text). 


which fused with the trabecula septomarginalis, the posterior 
margin of the defect was muscular. Mitral-semilunar valve 


- continuity was present in all cases. The aortic valve was tri- 


cuspid in 23 cases and bicuspid in 2. The cusps were normal 
in 14 cases but showed diffuse thickening in 10. In these latter 
cases the cusps were otherwise normal in shape and in length. 
A single case exhibited stenosis owing to partial fusion of the 
commissures. 

Infundibular septum and pulmonary arteries: A rem- 
nant of the infundibular septum was identified in 22 cases 
(Fig. 2B) but was not identified in 2. When present it was al- 
ways deviated anteriorly, inserting in front of the trabecula 
septomarginalis. An anterior hypoplastic infundibulum, 
separate from’ that supporting the semilunar valve, was 
present in all 22 cases with infundibular septa (Fig. 2B). Ina 
single case the infundibulum was well formed and an imper- 
forate pulmonary valve blocked egress to the pulmonary ar- 
tery. In all other cases it was not possible to identify a formed 
but imperforate pulmonary valve. 

The main pulmonary trunk was present in 21 cases and 
absent in 3. When present, the pulmonary trunk was patent 
down to the blind-ending muscular infundibulum in 12 cases 
and a cord-like structure in the remaining 9. Confluence of the 
right and left pulmonary arteries was present in 22 cases and 
absent in 2. The pulmonary trunk was also absent in the latter 
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cases. In two of the three cases in which the pulmonary trunk 
was absent, a remnant of the infundibular septum was iden- 
tifiable. The third case was of considerable interest. In this 
heatt, there was no evidence of an anterior pulmonary in- 


~ _ fundibulum, a pulmonary trunk or a confluence (Fig. 6). The 


~ intraptilmonary pulmonary arteries were supplied by systemic 
collateral arteries. The left lung received three such collateral 
vessels, one from the arch, the other two from the descending 
aorta. The smaller branch from the descending aorta to the 
left lung was a side branch from a larger systemic artery that 
supplied the right lung (Fig. 6). The semilunar valve in this 
case was normal, and the coronary arteries arose from the 
anterior aortic sinuses. There was tricuspid-semilunar valve 
fibrous continuity (Fig. 6). Discrete right and left pulmonary 
arteries were identified in all other specimens. The blood 


supply to these arteries, and thence to the lungs, was provided 


by a patent ductus arteriosus in 17 cases and by large collateral 
arteries arising from the descending aorta in 7. 

Coronary arteries: The origin of the coronary arteries was 
as anticipated for the normal aortic valve in all specimens (Fig. 
7). In the 28 cases with tricuspid semilunar valve, the coronary 
arteries arose from the right and left anterior cusps. In eight 
cases there was moderate rotation of the semilunar valve, the 
right coronary cusp being more posterior than normal. In one 
case with a bicuspid semilunar valve, one coronary artery arose 
from each cusp. 


Discussion 
Definition of Persistent Truncus Arterlosus 


Persistent truncus arteriosus versus pulmonary 
atresia with ventricular septal defect: The condition 
in which a single patent arterial trunk leaves the heart 
is a characteristic finding not only in persistent truncus 
arteriosus but also in pulmonary atresia with ventricular 
septal defect and in aortic atresia. The ventriculo-ar- 
terial connection in all three instances, therefore, is that 
of “single outlet ventricles.” The variant of single trunk, 
or persistent truncus arteriosus as we have chosen to 
term it, has previously been defined as an arterial trunk 
giving rise to the systemic, coronary and pulmonary 
arteries.}3 By incorporating the pulmonary arteries, this 
definition rules out the variant of single outlet ventricles 
in which the pulmonary circulation is supplied from the 
descending aorta, because this would be categorized as 
single aortic trunk. Nevertheless, controversy still exists 
as to whether this anomaly, the “truncus type IV” of 
Collett and Edwards,” is indeed a true persistent trun- 
cus arteriosus. If in defining truncus, the term “pul- 
monary circulation” is used instead of “pulmonary ar- 
teries,” %18 then “truncus type IV” can indeed be con- 
sidered a type of truncus arteriosus communis. How- 
ever, as indicated earlier, it can equally well be consid- 
ered single aortic trunk with agenesis of the sixth aortic 
arches. To our mind, it is more logical to consider the 
entity within the grouping of single aortic trunk. 

Among the hearts in our series, we identified seven 
in which the blood supply to the lungs was provided by 
the descending aorta. Only one of these hearts could 
have been classified as persistent truncus arteriosus on 
morphologic grounds. In this heart (Fig. 6), the origin 
of the single trunk from the ventricles which gave rise 
only to the aorta and coronary arteries was identical to 
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FIGURE 7. Diagram illustrating the cusp pattern and coronary arterial 
pattern in cases of pulmonary atresia with ventricular septal defect 
(compare with Fig. 5). In all cases, the pattern Is as expected for an 
aortic valve. Ant = anterior; MV = mitral valve; Post = posterior; TV 
= tricuspid valve. i MEA 

\ 


that seen in persistent truncus, although the morpho- 
logic features of the valve were more in keeping with 
those seen in specimens of pulmonary atresia. However, 
in another specimen in which the main pulmonary ar- 


tery and the corrfluence were absent, a clearly identifi- - 


able infundibular septum was present and this heart 
therefore exhibited evidence oF division of the infun- 
dibulum. A second heart without an infundibular sep- 
tum had a cord-like pulmonary trunk whereas the re- 
maining four hearts all had evidence of the central 
pulmonary arteries. Therefore, in morphologic terms, 
there is little doubt that all but one of these hearts are 
examples of single aortic trunk. 

Thiene et al.5 previously described hearts comparable 
with our outstanding case in which they too were unable 
to identify either an infundibular septum or central 
pulmonary arteries, and in which the peripheral pul- 
monary arteries were supplied from the descending 
aorta. They argued that these hearts were examples of 
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an undivided conotruncus with sixth arch agenesis, and 
in embryologic terms represented true persistent 
truncus arteriosus (Fig. 8). We are unable to refute this 
argument, and we accept its logic. However, in the ab- 
sence of central pulmonary arteries, their evidence for 


the presence of an undivided conotruncus rests upon the — 


absence of an infundibular septum. In one of our cases 
of pulmonary atresia with ventricular septal defect, no 
infundibular septum was identified but a main pul- 
monary artery was present. Furthermore, it is clear that 
their hearts and our similar heart are ideritical clinically 
and surgically to our other six hearts that derived their 
pulmonary blood flow from the descending aorta. We 
must therefore decide if we are to base our classification 
of persistent truncus arteriosus on a purely embryologic 
premise or a combination of both clinical and em- 
bryologic considerations..We prefer the second ap- 
proach and therefore suggest that persistent truncus 
arteriosus be defined as “a single arterial trunk that 
leaves the heart by way of a single arterial valve and 
that gives rise directly to the coronary, systemic and 
one or both pulmonary arteries.” We accept that this 


definition may exclude some hearts that can, by em- 


bryologic criteria, be judged cases of true persistent 
truncus arteriosus.° We consider this a small price to 
pay for a classification that we believe is suitable for 
both clinicians and morphologists. 

Persistent truncus arteriosus versus aortico- 
pulmonary window: The definition we have suggested 
will clearly exclude from the category of persistent 
truncus arteriosus all hearts with two separate and 
discrete semilunar valves. In their first investigation, 
Van Praagh and Van Praagh® argued that some, but not 
all, cases of aorticopulmonary window could correctly 
be considered truncus type B. Calder et al.4 restated this 
view, classifying type B hearts as truncus without ven- 


tricular septal defect. Although Collett and Edwards? . 


included aorticopulmonary window as “partial trun- 
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controversy concerning’ cases such 
as those Illustrated in Pigure 6 and 
heretofore classified aè trun 

arteriosus type IV. A, it cart befar- 


heart Is a true persistent trunk 
(horizontal hatching) that supplies 
the coronary arteries (white dotted 


hatching) in the absence of central 
pulmonary arteries (dotted line). 
The pulmonary supply is from cok 
lateral arteries from the descending 
aorta (fine dots). B, alternatively it 
can be argued that the ascending 
channel is an aorta, and the sep- 
tated pulmonary trunk Is absent, as 
Is the infundibular septum. We be- 
lleve that it is rarely possible to ad- 
judicate between these concepts on 
the basis of clinical investigation, 
but we contend that classification Is 
Clarified if the concept of pulmonary 
atresia is adopted because the case 


gued® that the artery leaving the. 


FIGURE 8. Diagram Illustrating the 


hatching) and aorta (oblique . 


must be treated as one of pulmo- ` 


nary atresia. 


cus,” Edwards’ has since argued that cases without a 
common truncal valve should not be described as per- 
sistent truncus arteriosus. Van Praagh® pointed out 


that, in a strict sense, absence of the truncal septum. 


would produce only an aorticopulmohary wiridow be- 
cause maldevelopment of the conus is also necessary to 
produce truncus arteriosus. It is’ certainly true that 
malseptation of both the infundibulum and the truncus 
is needed to produce the majority of hearts now classi- 
fied as persistent truncus artériosus: However, it is ar- 
gyable whether a condition with: separate serfilunar 
valves can be produced in the:absence of the truncal 
septum. Thiene et.al.5 have suggested’ that'truncus 
specimens are theoretically possible with various de- 
grees of development of the infundibular and truncal 
septa as opposed to the aorticopulmonary septum, but 
the precise tissues produced byinfundibular'as opposed 
to truncal embryonic septa are not knowh. Until it is 
shown conclusively that a heart exists with:an absent 
truncal septum in the présence of separaté semilunar 
valves, we concur with Edwards’ that hearts with sep- 


` arate semilunar valves are best considered examples of 


aorticopulmonary window. From clinical and surgical 
standpoints these hearts are much more akin to aorti- 
copulmonary window than to persistent truncus arte- 
riosus as now defined. For this reason, we have included 
in our definition the proviso previously suggested by 


© Lev and Saphir! that the common trunk leaves the heart 


by way of a single semilunar valve. We have accepted 
the minor semantic deficiency of classifying these hearts 


as “persistent truncus arteriosus” rather than “per- | 


sistent infundibulotruncus arteriosus.” 


Persistent Truncus Arterlosus and the 


r 


` Segmental Approach 


Because persistent truncus arteriosus defines only a 
ventriculoarterial connection, a full description of any 
individual case requires that the remaining segmental 
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connections and all associated anomalies be de- 


scribed. 19,20 All the hearts we studied were in situs sol- - 


itus and all had A-V concordance. Cases of persistent 


* Sruncus have been described with A-V discordance,?! 


and we recently encountered three examples of persis- 
terit truncus in primitive (single) ventricle with right 
A-V valve atresia.?223 We anticipate that persistent 
truncus will be found in primitive (single) ventricle in 


all its combinations.”4 Similarly, all the combinations ` 
we have discussed must be anticipated in both situs ` 


inversus and situs ambiguus. We agree with Edwards’ 
that it is preferable to distinguish great arterial mal- 
formations as associated anomalies rather than sub- 
classifying persistent truncus arteriosus in alphabetical 


fashion.*-4 In this way we also avoid the need to use the . 


term “hemitruncus,” which can be confusing. 


‘Morphology of the Ventricular Outflow Tracts in 


Persistent Truncus Arteriosus 


We believe that our observations have shown that the 
infundibular septum is absent in persistent truncus 
arteriosus. They have also shown that the inner curva- 
ture of the heart is the structure that produces trun- 
cal-A-V discontinuity. Some*->18 have argued that this 
discontinuity is produced by the posterior extension of 
the trabecula septomarginalis, or the “septal band.” The 
heart illustrated in Figure 3B militates strongly against 
this hypothesis. In this heart the truncal valve is sepa- 
rated completely from the tricuspid valve by a muscular 
flange whereas the “septal band” fails to separate the 
tricuspid and mitral valves which are in fibrous conti- 
nuity. Others” have argued that the“band producing 
truncal-A-V discontinuity is the “proximal conal sep- 

um.” The precise embryologic origin of this tissue is 
difficult to determine. We have therefore chosen a 
morphologic definition for muscle bundles,®. defining 
the structure separating the semilunar valves from each 
other as the infundibular septum but defining the 
structure separating a semilunar valve from an A-V 
valve as the ventriculo-infundibular fold. Because we 
have chosen these definitions, it is evident that for us 
the structure present in truncus specimens has to be the 
ventriculo-infundibular fold. 


Morphogenesis of Persistent Truncus Arteriosus 


Differential conal absorption versus differential 
conal growth hypotheses: The most accepted inter- 
pretation of morphogenesis of persistent truncus arte- 
riosus since the first description by Buchanan® has been 


` failure of development and fusion of the truncoconal 


ridges.}:2.5,26.27 In contrast, Van Praagh and his col- 
leagues,?4.6 arguing on the basis of the similarity of the 
anatomy of the right and left outflow tracts and septal 
defect, concluded that truncus arteriosus communis was 
“in essence” tetralogy of Fallot with pulmonary atresia 
plus partial or complete absence of the aorticopulmo- 
nary septum. The finding that in tetralogy of Fallot with 
pulmonary atresia a remnant of the infundibular sep- 
tum can almost always be recognized, while the same 


structure is always absent in persistent truncus, was . 


accounted for by invoking the concept of differential 


conal growth. Thus, these authors hypothesized that in 


CONOMOTOW TOAT OOTO ATT ENT IO Oe CATUTT LF rs 


l tetralogy of Fallot with pulmonary atresia the pulmo- 


nary infundibulum, although atretic, had undergone 
some degree of growth. In cohtrast, ih truncus they ar- 
gued that the pulmonary conus had not grown at all, 
therefore the entire conus and the conal septum were 
absent. Furthermore, they also argued that the aortic 
conus was similarly absent, making the point that the 
embryonic conus was not to be considered. a cylindrical 
structure.® It is clear that the concept espoused by Van 
Praagh et al.346 stands and falls upon the theory of 
differential conal growth. If it can be shown that, early 
in embryonic growth, both the ventricular outflow tracts 
originate above the developing right ventricle, and that 
both developing semilunar valves are initially supported 
by an infundibulum, then the theory of differential 
conal growth cannot account for the morphogenesis of 
persistent truncus arteriosus. To the best of our 
knowledge, all studies of embryogenesis have indeed 
demonstrated the initial presence of bilateral infundi- 
bula above the developing right ventricle, and further- 
more have shown that the normal aortic outflow tract 
arising from the left ventricle is produced by a process 
of differential conal absorption.11.14-16,28,23 Tn contrast, 
evidence supporting the differential conal growth hy- 
pothesis is anatomic.29 As far as we are aware, it has 
never been supported by studies of developing embryos. 
In addition to these embryologic considerations, our 
own study has produced evidence to suggest that per- 
sistent truncus arteriosus is not as similar to pulmonary 
atresia with ventricular septal defect as Van Praagh and 
Van Praagh® have suggested. We believe that significant 
differences exist between persistent truncus and pul- 
monary atresia, particularly regarding the origin of the 
coronary arteries and the morphology of the semilunar 
valves. 

Origin of the coronary arteries: In both normal 
and congenitally malformed hearts the two coronary 
arteries usually take origin from the two aortic sinuses 
adjacent to the infundibular septum. The cusp of the 
noncoronary sinus is usually in fibrous continuity with 
the anterior leaflet of the mitral valve when the aorta 
is in posterior position. This anticipated arrangement 
was observed in only 14 of 46 specimens with tricuspid 


„truncal valve present in our series, if the valve sinuses 


are considered in terms of aortic sinuses. In the re- 
maining 32 cases the coronary ostia were abnormally 
located (Fig..5). Similar findings were also recently re- 
ported by Shrivastava and, Edwards.°° In contrast, the 


_origin of the coronary arteries’ was as anticipated for the 


normal aortic valve in all the specimens of pulmonary 
atresia with ventricular septal defect (Fig. 7). In eight 
cases there was moderate rotation of the semilunar 
valve, the right coronary sinus being more posterior than 
anticipated for the normal heart. These findings are in 
keeping with those reported by Bharati et al.18 Van 
Praagh and Van Praagh? also reported a high rate of 
occurence of anomalies in relation between coronary 
arteries and truncal sinuses, but argued that such 
anomalies were also frequent in tetralogy of Fallot. 
However, examination of their source reference?! for 
this statement shows that the abnormalities in tetralogy 
of Fallot are in the epicardial course of the coronary 


October 1977 The American Journal of CARDIOLOGY Volume 40 577 


Pe re OM ee 


arteries and not in their origin from the aortic sinuses. 
It is our experience that in tetralogy, as now observed 


in pulmonary atresia with Ventricular septal defect, the 


coronary arteries arjse from the septal aortic sinuses. 

Morphology of the semilunar valve cusps: The 
cusps were abnormal in shape and in length in all but 
2 of the 46 specimens of persistent truncus with tri- 
cuspid truncal valves. However, in pulmonary atresia 
with ventricular septal defect, except for a diffuse 
thickening of the.cusps present in 10 cases, the semi- 
lunar valve was normal in all. 


Further differences were noted between slastni i 


truncus arteriosus and pulmonary atresia with ven- 
tricular septal defect in respect to the relation between 
the semilunar and tricuspid valves. In truncus it was 
usual to find the ventriculo-infundibular fold interposed 
between these valves (52 of 66 hearts). However, in 
pulmonary atresia with ventricular septal defect, as with 
tetralogy of Fallot,!832 it was more usual to find tri- 


cuspid-semilunar valve continuity (20 of 24 hearts). . 


Thus, although there-are indeed some similarities be- 
tween persistent truncus arteriosus and pulmonary 
atresia with ventricular septal defect as pointed out by 


Van Praagh and Van Praagh? there are also significant 


-differences between the conditions. This fact, coupled 


with the lack of embryologic evidence to support the « 
differential conal growth hypothesis, leads us to con-¢ °. 
clude that the concept of lack of infundibulo-truncal 
septation provides a more plausible explanation for the- 
morphogenesis of persistent truncus arteriosus. 


Acknowledgment 


The definitions used in this report were produced after 
extensive discussion with Dr. L. H. S. Van Mierop of 
Gainesville, Florida, and we gratefully acknowledge his con- 
siderable help. We are also grateful to all our colleagues who ` 
permitted us to study specimens from patients previously in’ 
their care, or hearts from their collections; in particular Drs. 

J. L. Wilkinson, L. M. Gerlis, J. Emery, M. C. Joseph and E. 
A. Shinebourne. The diagrams were prepared by Mrs. S. Y. 
Ho and we are indebted to Miss N. de Freitas for assistance 
in the preparation of the manuscript. The photographs were ` 
produced by Mr. K. Moreman and the staff of the Chester 
Beatty Research Institute, Fulham Road, London and Mr. K. 
ee of the Institute of Child Health, University of, Liv- 
erpoo 


r 


zi : i References ' : 


“4. Lev M, Saphir Oo: reais arteriosus communis persistens. J Pe- 
__dlatr 20:74-88, 1942 
2. Collett RW, Edwards JE: Persistent truncus arteriosus. A classi- 
fication according to anatomic types. Surg Clin North Am 29: 
1245-1270, 1949 
3. Van Praagh R, Van Praagh S: The anatomy of common aortico- 
pulmonary trunk (truncus arteriosus communis) and Its embryologic 
- Implications, Am J Cardiol 16:406-426, 1965 
4. Calder L, Van Praagh R, Van Praagh S, et al: Truncus arteriosus 
communis. Clinical, angiographic and pathologic findings In 100 
patients. Am Heart J 92:23-38, 1976 
5. Thiene G, Bortolotti U, Gafucci V, et al: Anatomic study of truncus 
_ arteriosus communis with embryologic and surgical consideration. 
Br Heart J 38:1109-1123, 1976 
6. Van Praagh R: Classification of truncus arteriosus communis (TAC). 
Am Heart J 92:129-132, 1976 
7. Edwards JE: Persistent truncus arteriosus: a comment. Am Heart 
. J 92:1-2, 1976 
8. Buchanan Q: Malformation of the heart, undivided truncus arterl- 
osus. Heart otherwise double. Trans Pathol Soc Lond 15:89-91, 
18864 . 
.9. Anderson RH, Becker AE, Van Mierop LHS: What should we call 
the crista? Br Heart J, In press à 
10. Lev M: The conotruncus. |. Its normal inversion and conus ab- 
sorption. Circulation 46:634-635; 1972 , 
11. Anderson RH, Wilkinson JL, Agnold R, et al: Morphogenesis of 
. bulboventricular anomalies. [*Embryogenes!s in the normal heart. 
Br Heart J 36:242-255, 1974 
12. Van Mierop LHS, Alley RD, Kausel HW, et ak Pathogenesis of 
- transposition complexes. |. Embryology'of the ventricles and great 
arteries. Am J Cardio! 12:216-225, 1963 
13. Becker AE, Connor M, Anderson RH: Tetralogy of Fallot. A mor- 
phometic and geometric study. Am J Cardiol 39: 402-412, 
1975 


14. Pernkopf E, Wirtinger W: Die Transposition der Reczostion ein. - 


Versuch der Erklärung dieser Erscheinung. Z Anat Entwicklungs- 
gesch 100:563-711, 1933 . 
15. Asaml I: Beltrag zur Entwicklung des Kammerseptums In men- 


schilehen Herzen mit besonderer Berucksichtigung der sogen- ~ 
annten Bulbusdrehung. Z Anat Entwicklungsgesch 128:1- 17,. 


1969 
16. Soon DA Ne Lillehe! Cw: The conotruncus. |. Its normal 


Inversion and conus absorption. Circulation 46:375-384, 1972 
17. Becker AE, Becker MJ, Edwards JE: Pathology of the semilunar 

.valve In persistent truncus arteriosus. J Thorac Cardiovasc Surg 

62:16-26, 1971 Í 


` 48. Bharati S, McAllister HA, Rosenquist GC, et al: The surgical. 


anatomy of truneus arteriosus communls. J Thorac Cardiovasc 
Surg 67:501°510, 1974 

19. Van Praagh R: The segmental approach to diagnosis In congenital 
heart disease. In, Birth Defect: Original Article Series- 8, no. 5. 
Baltimore, Williams & Wilkins, 1972, p 4 

20. SHinebourne EA, Macartney FJ, Anderson RH: Sequential 
chamber localization—logical approach to diagnosis In congenital 
heart disease. Br Heart J 38:327-340, 1976 

21. Nadal-Ginnard B, Malpartida F, Espino-Vela J: Inversión ven- 
tricular con tronco commun. Arch Inst Cardiol Mex 42:181-192, 
1972 

22. Anderson RH, Wilkinson JL, Gerlis LM, et al: Atresia of the right 
atrioventricular orifice. Br Heart J.39:414-428, 1977 

23. Henry JN: Personal communication, June 18, 1976 

24. Anderson RH, Becker AE, Wilkinson JL, et al: Morphogenesis of 
univentricular hearts. Br Heart J 38:558-572, 1976 

25. Goor DA, Lifehei CW: Congenital Malformations of the Heart. New 
York, Grune & Stratton, 1975, p 157 

26. Kelth JD, Rowe RD, Vlad P: Heart disease In Infancy and Chikdhood. 
New York, Macmillan, 1958, p 521 

27. Nadas AS: Pediatric Cardiology. Philadelphia, WB Saunders, 1963, : 
p 505 

28. Butler JK: An experimental analysis of cardiac loop formation In 

- chicks. MA Thesis, University of Texas, 1952 

29. Goerttler K: Entwicklungsgeschichte des Herzens. In, Das Herzens 
des Menschen, Vol 1 (Bargmann W, Doer W, ed). Stuttgart, Georg 
Thieme Verlag, 1963, p 21 

30. Paul MH, Van Praagh S, Van Praagh R: Transposition of the great 
arteries. In, Textbook of Pediatric Cardiology (H. Watson, ed). 
London, Lloyd-Luke, 1968, p 582 a : 

31. Shrivastava S, Edwards JE: Coronary arterlal origin in persistent - 

. truncus arterlosus. Circulatlon 55:551-555, 1977 ; 

32. Meng LCC, Eckner FAO, Lev M: Coronary artery distribution In 

tetralogy of Fallot. Arch Surg 90:363-366, 1965 


383. Rosenquist GC, Sweeney LY, Stemple DR, et al: Ventricular septal 


defect In tetralogy of Fallot. Am J Cardiol 31:749-754, 1973 


578 October 1977. The American Journal of CARDIOLOGY Volume 40 . 


First again... 


FirSt to produce a really rugged transducer capable of withstanding 
rigorous use ina busy hospital. 


First to develop and introduce the prepackaged, sterile disposable 
domes, eliminating the need to sterilize the transducer. 
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when you use Our transducers and disposable domes. We're that 
confident of the dependability of our products. For order and price 
information, call your Bentley representative, or contact: 
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17502 Armstrong Avenue 

Irvine, California 92714 
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..@ highly stable tablet for aborting or 
-preventing attacks of angina pectoris 
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~ How would you improve 
~ the predictability of 
todays pulse generator? ~ 





e With a more dependable 
power source? 


e With special circuitry? 
e With a triple hermetic seal? 


e With two voltage 
depletion indicators? 


\ e With low specific gravity? 


\ e With less risk of 
\ product failure’? 


e With a “no-nonsense” 
product guarantee? 





Your pulse generator has 
already been designed by 
ARCO Medical 
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Improved predictability with 
the only,lithium thionyl 
chloridg power source. 

Lithiyf thionyl chloride, with 
one of the highest energy 
deasities presently known, 
permits a small, lightweight 
battery that is longer lasting 
than other cells of comparable 
size in any given application. 
Individual cell hermetic 
sealing and no generation of 
internal pressure contribute to 
the fact that there has not 
been areport of asingle power 
source failure in clinical use(1). 


Improved predictability with 
specially designed circuitry. 
Developed specifically for 
use with our exclusive power 
cells, this circuitry offers long 
life and reliability. In fact, our 
power cells are electrically 
connected in atruly redundant 
fashion, which assures unin- 
terrupted operation even if 
one cell should fail (2). 


Improved predictability with a 
triple hermetic sealing 
process. 

The power cells, the elec- 
tronics, and the outer case of 
corrosion-resistant titanium 
are all individually hermet- 
ically sealed to provide dual 
protection and virtually isolate 
components from the invasion 
and migration of body fluids,3). 
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Improved predictability with 
two voltagė depletion ' 
indicators. 

Both an automatic and mag- 
netic pulse rate provide 
advance warning of cell volt- 
age depletion. The magnetic 
rate begins to decrease a - 
number of months prior to the 
automatic rate to provide 
ample replacement time (4). 


Improved predictability with a 
more natural specific gravity 
than most pulse generators. 
The specific gravity of 
ARCOlith™ pulse generators 
is just slightly greater than that 
of the body's tissues; thus, 
migration is minimized for 
added patient comfort. 


Improved predictability with 
an extended “burn-in” test. 
Prior to market release every 
unit must undergo 70 days of 
operation. This virtually 
eliminates initial implant 
failure and assures you and 
your patients of effective per- 
formance and long life (5). 
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The predictability of ARCOlith’ pulse generators has been 
so improved they carry a“no-nonsense’ product guarantee. 


In essence: 

1. Should an ARCOlith pulse generator become 
defective for any reason up to and including 60 days 
following implant, we will replace it and pay all 
reasonable surgical and hospital costs* 


*See warranty for specific details 
+fdealized graph based on extrapolated data 


ARCOlith™ 12, 6, and 4 are now the trade names for pulse generator models LI-2, LI-4 and LI-3. 





2. Should an ARCOlith pulse generator become 
defective for any reason after 60 days up to the 
end of the warranty period* we will replace it and 
pay up to $200 in surgical and hospital costs* 


Every ARCOlith pulse generator 


_ © Titanium and epoxy casings 















offers you these 
predictable features: 


proven corrosion resistant to body 
fluids 4nd compatible with human 
tissue over long periods of time 


e EMI shielding, high-reliability 
filtering components, and special 
circuits help to protect against 
electromagnetic interference 


e Higher interference rate than the 
basic pacing rate provides addi- 
tional protection against PVCs and 
competition, which may occur at 
lower levels 


e High-input impedance enhances 
R-wave sensing 


e Output stage contains voltage 
pulse doubler, which allows truly 
redundant power cells 


e Visible temperature indicator 
informs whether unit has been 
ee lorexcessive tempera- i 
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Biotronex Laboratory, Inc. 


4225 Howard Avenue, Kensington, Md. 20795, Phone: 301-942-1800 
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ergometer and rower 


Finland’s leading physical fitness institutions helped design the Tunturi er- 
gometer and rower. The ergometer offers variable watt load range of 25 to 300 w. 
(150 to 1800 kpm/min.) @ 50 rpm. At $340, it is ideal for home cardio pulmonary 
rehabilitation prescription. The new Tunturi rower, at $250, has adjustable oar 
resistance, and is excellent for total body conditioning. 
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Combipres works efficiently, smoothly. 
Brings blood pressure down...keeps it dow 


Life therapy ...not life sent 
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ch tablet contains: 


nd chlorthalidone, 15 mg 


n hypertension 






_| Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
| individual patient. If the fixed combination rep- 

| resents the dosage so determined, its use 
-may be more convenient in patient manage- 

| ment. The treatment of hypertension is not 

| Static, but must be reevaluated as conditions 
_ | in each patient warrant. 




















“Indication: The drug is indicated in the treatment 
ol hypertension (see box warning). 

H raindications: Patients with known hyper- 

_ sensitivity to chlorthalidone and patients with se- 
-vere renal or hepatic diseases. 

farnings: Tolerance may develop in some in- 
nces necessitating a reevaluation of therapy. 

_ Usage in Pregnancy: In view of embryotoxicity 
“findings in animals, and since information on pos- 
_ sible adverse effects in pregnant women is limited 
f to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 

_ pregnant unless the potential benefit outweighs 

_ the potential risk to mother and fetus. 

4 Usage in Children: No clinical experjeræe is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
_ apossible rapid rise in blood pressure and as- 



























‘ness, agitation, and headache. Patients should be 
_ instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 


therapy. A causal relationship has not been estab- 
_ lished in these cases. It has been demonstrated 
at an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 

_ Patients who engage in potentially hazardous ac- 
_ tivities, such as operating machinery or driving, 

_ should be advised of the sedative effect of the 

_ clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol, 

| barbiturates and other sedatives. Like any other 

- antihypertensive agent, Combipres should be 

| used with caution in patients with severe coronary 





atapres® (clonidine hydrochloride) 0.1 or 0.2 mg, 


insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 
Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 


potassium-rich foods such as citrus fruits and e- 


bananas. If significant potassium depletion shotld 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia. malaise, 
nausea, vomiting, parotid pain. mild transient ab- 
normalities in liver function tests: one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
ngurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chiorthalidone is combined 
with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
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observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 










centration is considered potentially delet 
concomitant use of a uricosuric agent is ei 
in reversing hyperuricemia without loss of di 
and/or antihypertensive activity. 
Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranı 
cytosis, and necrotizing angiitis have occurred, 

but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 

age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone,15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. $ 
Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone,15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 


1. Data on file at Boehringer Ingelheim Ltd. 
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But if your time is too valuable to spend scanning 
DCG tapes, you have two choices— either send the tapes 
to the nearest hospital set up for scanning, or send them 
to a full-time scanning service. Like Omnimedical. 


Which is better? We think scanning services. Because 
scanning services devote all their time to DCG recordings 
— they'll call you immediately if they detect critical 
abnormalities. They're in business to serve you. 


So, who’s the best among the many scanning services? 
You judge. We at Omnimedical offer 3 programs for 
reel-to-reel or cassette tapes, each with a maximum 
turnaround time of 24 hours. There’s the free recorder 
program, the regular scanning service, and the same-day 
§érvice pick-up program if you're in our area. All feature 
the most comprehensive report in the business— including 


Omnimedic | - 
CG Scanning 
About the onl 
to get a better, fas 


Services -- 


- 
_- 


a computerized, quantitative analysis, a trend analysis of 
heart rate and ST segment level, and real-time recordings 
of abnormalities and symptomatology mounted in 
booklet form. 


e è ę e A x 
medical 
Omnimedical 
PO. Box 1277, Paramount, CA 90723 (213) 633-6660 
PLEASE SEND DCG SCANNER SERVICE INFORMATION TO: 
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ADDRESS 

CITY STATE ZIP 
PHONE TITLE 





ORGANIZATION, HOSPITAL 





REFLECTION OF 
PROGRESS: 


THE MEDTRONIC 5375 
EXTERNAL PACEMRKER. 


FROM THE COMPANY THAT HAS ALWAYS SET 
THE STANDARDS FOR EXTERNAL PACEMAKERS 


From our long-standing tradition of providing 
products for the pacemaker patient has evolved 
the 5375. Engineering advancements allow the 


5375 to provide safe, convenient operation for 
the physician, nurse and patient. 


THE STANDARD OF SAFETY 

5375 features provide protection against leak- 
age current, EMI and inadvertent inhibition. 
Splash resistant terminal connections greatly 
reduce chances of contact with sources of 
dangerous leakage current — especially 
important on the busy CCU and ER service floors. 


THE STANDARD OF CONVENIENCE 
Cables connect by push button. Sliding trans- 


parent faceplate protects against accidental 
movement of controls. Retractable handles 





AA Mectronic 


Helping you help 
the pacemaker patient 


MEDIRO. JIC 5375 EXTERNAL PACEMAKER 
PRODUCT INFORMATION 


INTENDED USES 
he Model 53 


CONTRAINDICATIONS 


WARNINGS 
re Te) 


jer 


PRECAUTIONS 


POTENTIAL COMPLICATIONS 
Potentia t 


ial ¢ MCA > ASSOC KC 


ility, lOCaI tissue 

erosion of the lead 

SV s lead-related thrombosis and em 
ead-related hemorrhage and cardiac tamponade 








THERMODILUTIQN INJECTOR 
ECG SYNCHRONIZE FOR ACCURATE 


CARDIAC “OUTPUT Se | 
ah is 
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DISPOSABLE STANDARD SYRINGES, AUTOMATIC REFILLING. 

INJECTION SPEED 7ML/SEC 

INJECTION VOLUME 1 TO 10ML. 

POWERED BY COMPRESSED AIR FROM AIR BOTTLE, OR HOSPITAL 

AIR SYSTEM. 

* EQUIPPED WITH OWN ECG AMPLIFIER AND ECG OUTPUT 

* COMPLETE SAFETY, OPTICAL ECG INPUT ISOLATION POWERED BY 
RECHARGEABLE BATTERY 

* INJECTION DELAY ADJUSTABLE DIRECTLY IN % OF CARDIAC 

CIRCLE 


‘“‘CARDIOMAX”’ CIRCULATORY SYSTEM COMPUTER 


“ee * 


MEASURES: 


* CARDIAC OUTPUT 

* MEAN TRANSIT TIME 

* CENTRAL BLOOD VOLUME 
* SYSTEMIC RESISTANCE 

* THREE BLOOD PRESSURES 


BY 
DYE OR THERMODILUTION 





Thermodilution Cardiac Output Computer 
“CARDIOTHERM-500" 





*WILL WORK WITH ANY THERMISTOR CATHETER. 
*RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
*AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 
TURE AND INDICATOR TEMPERATURE. 

*AUTOMATIC ZEROING. 

*ISOLATED CHART RECORDER OUTPUT. 

*EXTRAPOLATES DILUTION CURVE 

*SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 

* PRICE: $3,500.00 
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Phone: (614) 488-6176 950 N. Hague Avenue 
Columbus, Ohio 43204, US/ 
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lished in over 20 years of use. 


The plasma disappearance of Cardio-Green 
shows good correlation with Bromsulpha- 
- lein® (BSP®)! (Sulfobromophthalein 
- Sodium Injection, USP) and overall 
is a superior product for the quanti- 
fication of hepatic function and blood 


flow. 


In addition to a superior risk/benefit 


BEFORE PRESCRIBING, PLEASE CONSULT THE INSERT WHICH ACCOM- 
PANIES THE PRODUCT, A BRIEF SUMMARY FOLLOWS: 

DESCRIPTION. Cardio-Green is a sterile, water soluble tricarbocyanine 
dye with a peak spectral absorption at 800-810 nanometers in plasma or 


100 
ACTION. CG permits recording of indicator-dilution curves for both 
diagnostic and research purposes independently of fluctutations in 
Oxygen saturation. In the performance of dye dilution curves, a known 
amount of dye is usually injected as a single bolus as rapidly as possible 
viaa Cardiac catheter into selected sites in the vascular system. A record- 
ing instrument (oximeter or densitometer) is attached to a needle or 
catheter for sampling of the dye-blood mixture from a systemic arterial 
sampling site 
Ear oximetry has also been used and makes it possible to monitor the ap- 
Peace and disappearance of CG without blood withdrawal 

ollowing intravenous injection. CG is rapidly bound to plasma protein. 
of which albumin is the principle carner. It has a hepatic storage capacity 
of 70 mg/mg/100 ml andexcretory Tm of 7.5 mg/min in healthy subjects 
CG undergoes no significant extrahepatic or enterohepatic circulation; 
simultaneous arterial and venous blood estimations have shown negli- 
gible renal, peripheral, lung or cerebrospinal uptake of the dye. CG is 

. 


Measure liver function using Cardio-Green® 
(CG®) (Sterile Indocyanine Green, USP) 
injectable dye: A product that’s been estab- 
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taken up from the plasma almost exclusively by the hepatic parenchymal 
cells and is secreted entirely into the bile. After biliary obstruction, the 
dye appears in the hepatic lymph, independently of the bile, suggesting 
that the biliary mucosa ts sufficiently intact to prevent diffusion of the 
dye. though allowing diffusion of bilirubin. These characteristics make 
ct a helpful index of hepatic function 

INDICATIONS. For determining cardiac output 
liver blood flow and ophthalmic angiography. 
CONTRAINDICATIONS. The sate use of Cardio-Green during pregnancy 
has not been established 

WARNINGS. CG Powder and Solution: CG is unstable in aqueous solu- 
tion and must be used within 10 hours. However. the dye is stable in 
plasma and whole blood so that samples obtained in discontinuous 
anang techniques and stored at 2-89 may be read within a 2-day 
period. Sterile techniques should be used in handling the dye solution 
as well as in the performance of the dilution curves 

PRECAUTIONS. Probenecid in doses of from 25 to 100 mg/kg has 
been shown to affect the hepatic uptake. storage and removal of CG 
in dogs; this has not been reported in humans, but should be con- 
sidered 


hepatic function and. 


LARDIO-GRERI 
(INDOCYANINE GREEN) 
CD = 


_GUTION: Federal Law prohibits 
ensing without prescription. 


Lot No. 407 
ON, WESTCOTT 


ratio, Cardio-Green exhibits none of BSP’s 
extrahepatic, renal excretion, and enterohe- 


patic circulation? 


For additional references, professional infor- 
mation and details, write: Hynson, Westcott & 
Dunning, Inc., Charles and Chase Streets, 
Baltimore, MD 21201. (301) 837-0890. 


REFERENCES 
'Paumgartner, G.: The Handling of Indocyanine Green b; 
the liver. Schweizerische Medizinische Wochenschrift (1975). 


2 Leevy, C.M.; Smith, F.; Longueville, J.; Paumgartner, G.; 


and Howard, M. M.: Indocyanine Green clearance as a 
test for hepatic function. Evaluation by dichromatic ear 
densitometry. J. Amer. Med. Assn. 200, 136 (1967). 
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ADVERSE REACTIONS. CG contains a small amount of sodium iodide 
and should be used with caution in patients who have a history of 
allergy to iodides. Radioactive iodine uptake studies should not be 
performed for at Jeast a week following the use of CG 

DOSAGE AND ADMINISTRATION. The usual dosages of CG are as fol- 
lows; for dilution curves, Adults—5 mg, Children—2.5 mg, and 
Infants — 1.25 mg. for hepatic function, 0.5 mg per kg of body weight 
HEPATIC FUNCTION STUDIES. Due to its absorption spectrum, chang- 
ing concentrations of Cardio-Green (Sterile Indocyanine Green, USP) 
in the blood can be monitored by ear densitometry or by obtaining 
blood specimens for photometric determination using percentage 
retention of dye from a single 20-minute sample or using disappear- 
ance rate at timed intervals. The technique for both methods is de- 
scribed in the instructions, which accompany the product 

NORMAL VALUES. Percentage disappearance rate in healthy subjects 
is 18-24% per minute. Normal biological half-time is 2.5-3.0 minutes 
SUPPLIES. A 25 mg vial (NDC 0011-8361-20) and 50 mg vial (NDC 
0011-8362-55) and 10 mg (NDC 0011-8363-72) and 46 mg (NDC 
0011-8364-54) CG Single Use Unit, with calibrated syringes. All put-ups 
with aqueous solvent 


Bromsulphalein, BSP, Cardio-Green, CG, Hynson, Westcott & Dunning, Inc. and Ss are trademarks of Hynson, Westcott & Dunning, Inc. 
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Searle announces... 
a unique agent for 


the treatment of 
specific ventricular 
cardiac arrhythmias“ parimin 
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Norpace (disopyramide phosphate) is a patient compliance and can be pre- 
rena Searle sche be Nab ee sae confidence. ; 
result of many years of research an earle Laboratories will be pleased to 
Clinical testing. It satisfies the recognized provide detailed information on the clini- 
need for anew oral agent that effectively cal trials, which used a more sophisti- 
treats serious ventricular arrhythmias and cated means of evaluating efficacy than 
is relatively safer than available Type | had ever previously been applied to any 
agents. As a consequence, 3 antiarrhythmic agent in large-scale 
Norpace helps encourage f ambulatory trials. 
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Please sée last page for a brief 
summarf of prescribing information. 
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effective by extensive Holter monitoring’ 


JvOPPace 
(disopyramide phosphate) 
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as effective as quinidine sulfate for specific ventricular 
arrhythmias...but with less severe side effects 


Norpace efficacy was 
thoroughly proved 
‘and documented 


Norpace was Clinically evaluated in patients 
monitored by 9-hour Holter ECGs while receiv- 
ing placebo (two distinct periods) and Norpace 
(two distinct periods). Significant reductions 
in ventricular ectopy were recorded during 
Norpace therapy. Norpace was also compared 
with quinidine sulfate (quinidine), a standard 
antiarrhythmic agent, in patients randomly as- 
signed in double-blind studies, and was shown 
on the basis of 9-hour Holter monitoring to be 
as effective as quinidine in reducing ventricular 
ectopic activity. Finally, in oral acute studies 
involving 3-hour continuous ECGs, Norpace 
demonstrated the following: 1) a rapid onset 
of antiarrhythmic activity following an initial 
loading dose—achieving therapeutic plasma 
levels usually within 72 to 3 hours; 2) continued 

» suppression of ectopy as a result of mainte- 
nance dosing over the subsequent 3 days; and 
3) further suppression of ectopy when dosage 
was increased in most cases where breakthrough 
was noted. No currently available antiarrhythmic 
agent has been subjected to such a rigidly 
controlled program of study prior to introduc- 

* tion as has Norpace, nor have other antiarrhyth- 
mics been evaluated in a controlled comparison 
with a known standard such as quinidine. 


Norpace effectively 
treats specific 
ventricular arrhythmias 


Norpace is indicated when there is electrocar- 
diographic evidence of premature ventricular 
contractions (PVCs): unifocal, multifocal, or 

. paired PVCs, or episodes of ventricular tachy- 
cardia (VT). Significant reductions in these 


ventricular arrhythmias have been demonstrated 
by 9-hour ambulatory ECG recording. 

During the clinical trials, efficacy in treating 
ventricular arrhythmias was proved in patients 
with primary cardiac arrhythmias or arrhyth- 
mias associated with coronary artery disease, 
and also in patients who were digitalized. 


Norpace demonstrated 
excellent patient tolerance 


In a double-blind multicenter clinical study (see 
next page for details), Norpace was found to 
have less severe side effects than quinidine 
sulfate and to be significantly better tolerated. 
The side effects of Norpace, in contrast with 
those of quinidine, were generally mild, being 
primarily anticholinergic in nature and fre- 
quently transient. 


Norpace demonstrated 
dose-related plasma 
levels 


Therapeutic levels ranging from 2-4 „g/ml are 
attained in response to 150 mg q §h. Some 
patients with unusually refractory ventricular 
arrhythmias have required doses up to 400 mg 
q 6h which produced plasma levels in the range 
of 4-8 ug/ml. 


Norpace has minimal 
effect on hemodynamics 


At recommended oral doses, Norpace rarely 
produces significant alterations of blood pres- 
sure. Hemodynamic studies of the intravenous 
administration of Norpace in patients with 
coronary artery disease have revealed minimal 
cardiac depression with approximately a 10% 


reduction in cardiac output. enm, 
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proved as effective as quinidine sulfate 
for specific ventricular arrhythmias... 





Results of double-blind 
controlled studies 


A double-blind multicenter clinical study, in- 
volving five investigators, was conducted to 
compare the relative effectiveness and safety of 
Norpace and quinidine sulfate. Prior to qualify- 
ing for the study, each patient had antiarrhyth- 
mic medication discontinued for at least one 
week. Nine-hour Holter recordings were then 
used to establish an admission criterion of at 
least 60 ectopic beats per hour (PVCs, PACs or 
combination of the two). All other arrhythmias 
were excluded except paroxysmal ventricular 
or atrial tachycardias occurring in conjunction 
with the above. 


Study protocol 

After qualifying, patients were randomly as- 
signed to receive either Norpace (150 mg q 6 h) 
or matching capsules of quinidine sulfate 

(325 mg q 6h). Consultant cardiologists, based 
on their clinical experience, predicted these 
dosages to be comparable in effect. Every 

two weeks during the 8-week course of the study 
each patient returned to the investigator for a 
new supply of caggules and a 9-hour Holter 
recording. The feur Holter recordings during 
therapy plus the qualifying recording provided 
objective, quantifiable electrocardiographic 
evidence of patient response to therapy. 


Norpace proved 
comparable to quinidine 
sulfate in reducing 
ventricular ectopic beats 


Figure 1 presents the relative effectiveness of 
Norpace and quinidine sulfate in reducing total 
and ventricular ectopy. It was apparent that 
both,deugs were capable of reducing ectopic 
activity and maintaining suppression through- 
out the course of therapy. 

Fig 1. Median number of ectopic beats during successive 


2-week Holter recordings for Norpace- and quinidine- 
treated patients. 


700 Norpace Patients (56 completing study) 
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Ventricular ectopic 
beats > 60/hr—43 patients 
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Quinidine Patients (40 completing study) 


Median number of ectopic beats/h 
wo > 
Oo 
oO 


GS Total Population—40 patients * 


Ventricular ectopic 
beats > 60/hr—32 patients 
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ECG ECG ECG ECG ECG 


k Includes patients with more than 60 total (atrial and 
ventricular) ectopic beats per hour but who had fewer 
than 60 ventricular ectopic beats per hour. 


There was no statistically significant difference 
in reduction of ectopy between the two drugs. 








with less severe side effects 


Relative safety of Norpace 
(disopyramide phosphate) 


and quinidine sulfate 


Reported side effects 

The entire study population was analyzed for 
side effects. The side effects experienced by 
Norpace patients were usually mild and mainly 
anticholinergic, including: dry mouth, urinary 
hesitancy, constipation, blurred vision. The 
anticholinergic side effects were generally 
transient. 


Adverse reactions with quinidine were more 
serious and affected a greater number of pa- 
tients. The most common symptoms were: 
severe diarrhea, cramps, nausea, vomiting, 
headache, dizziness, blurred vision, fever, 
chills and diaphoresis. 


Reasons for discontinuation of therapy 
Twenty-two quinidine patients discontinued 
therapy because of toxic effects, most of them 
within the first 2 weeks of treatment. Most of the 
quinidine sulfate dropouts experienced combi- 
nations of gastrointestinal symptoms often 
accompanied by dizziness and in five cases by 
a generalized pruritic rash. 


Five Norpace patients dropped out of the study, 
as aresult of the following side effects: nausea 
and dizziness (2); pains in neck and back (1); 
urinary complaints in patient with known be- 
nign prostatic hypertrophy (1); and persistent 
paroxysmal ventricular tachycardia (1). (One 
patient dropped out because of lack of interest.) 


r 


Please see last page for a brief summary of prescribing information. 


Norpace patient group 
had significantly 

fewer dropouts 

due to side effects 


Quinidine dropouts in 62 patients 





Norpace dropouts in o2 patients 
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Dosage and administration s< 


Supplied as 100-mg and 150-mg capsules. Dosage should 
be individualized based on response and tolerance. 


Usual adult dosage is 400 to 800 mg per day given in divided 
doses four times daily, following an initial loading dose. 





Recommended dosage regimen 


Loading dose Maintenance dose 


Note: Since Norpace is excreted in the urine, renal insufficiency appreciably extends 
the half-life of the drug. The chart below provides guidelines to the appropriate 
Norpace dosage in such patignts. 

= 


Norpace dosage interval adjustment for renal insufficiency 





@ Norpace plasma half-life may also be prolonged in patients with significant 
liver disease. 


NOPPace 
(disopyramide phosphate) 


E Effective as quinidine sulfate for specific ventricular 
arrhythmias and significantly better tolerated 


= Compatible with digitalis 
E Minimal effect on hemodynamics 
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as effective as quinidine sulfate for specific ventricular 


arrhythmias... with less severe side effects 


SEARLE 
NORPACE® CAPSULES 
brand of disopyramide phosphate 


Before prescribing Norpace, please consult complete 
prescribing information, a summary of which follows: 
Indications: Norpace is indicated for suppression and preven- 
tion of recurrence of the following cardiac arrhythmias when 
they occur singly or in combination: unifocal premature (ectopic) 
ventricular contractions; premature (ectopic) ventricular con- 
tractions of multifocal origin; paired premature ventricular 
contractions (couplets); and episodes of ventricular tachycardia 
(persistent ventricular tachycardia is ordinarily treated with 

D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias 
in both digitalized and non-digitalized patients. It is also equally 
effective in treating primary cardiac arrhythmias and those 
which occur in association with coronary artery disease. Oral 
Norpace has not been adequately studied in patients with acute 
myocardial infarction or in patients with persistent ventricular 
tachycardia, atrial arrhythmias or arrhythmias due to digitalis 
intoxication. The value of antiarrhythmic drugs in preventing 
sudden death in patients with serious ventricular ectopic activity 
has not been established. 

Contraindications: Cardiogenic shock, preexisting second- or 
third-degree AV block (if no pacemaker is present), or known 
hypersensitivity to the drug. 

Warnings: Severe hypotension has been observed on rare 
occasions, primarily in patients with primary cardiomyopathy or 
inadequately compensated congestive heart failure. If hypo- 
tension develops Norpace should be discontinued promptly 
unless it is due to the arrhythmia. 

Norpace should not be used in the presence of poorly com- 
pensated or uncompensated congestive heart failure unless it is 
exacerbated by or caused by an arrhythmia and proper treat- 
ment including optimal digitalization has been accomplished. 

In some patients with marginally compensated heart failure, 
Norpace may cause cardiac decompensation. In these patients, 
progressing congestive heart failure should generally be treated 
with cardiac glycosides and diuretics and the course of treat- 
ment closely followed. Norpace dosage should be reduced or 
discontinued if adequate control of congestive failure is not 
attained. 

If first-degree heart block develops, the dosage of Norpace 
should be reduced. If the biock persists, gontinuation of Norpace 
must depend upon an assessment of the benefit versus the risk. 
Development of seco or third-degree AV block or uni-, bi- or 
trifascicular block r€quires discontinuation of Norpace, unless 
the ventricular rate is adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not 
be used in patients with glaucoma or urinary retention, unless 
adequate overriding measures are taken. 

Precautions: If significant widening (greater than 25%) of the 
QRS complex occurs, Norpace should be discontinued. 

Patients with atrial flutter or fibrillation should be digitalized 
prior to Norpace administration to ensure that drug-induced 
enhancement of AV conduction does not allow a ventricular rate 
beyond physiologically acceptable limits. 

The effect of Norpace is presently uncertain in patients with 
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Division of G. D. Searle & Co. 
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sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle 
branch block. 

Norpace should be administered cautiously to patients who 
are receiving or who have recently received other antiarrhyth- 
mic drugs. Excessive widening of the QRS complex may occur 
in such instances. 

Norpace dosage should be reduced in patients with impaired 
renal or hepatic function and the electrocardiogram carefully 
monitored for signs of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypo- 
kalemia. Therefore, any potassium deficit should be corrected 
before instituting Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not 
been established. The use of Norpace in pregnant women 
requires that the potential benefit be weighed against possible 
hazards to the fetus. 

It is not known whether disopyramide is excreted in human 
milk. However, studies in rats have shown that the concentration 
of disopyramide and its metabolites in milk is up to three times 
greater than in plasma. If use of the drug is deemed essential, 
an alternate method of infant feeding should be instituted. 
Labor and Delivery: The effects of Norpace on the fetus during 
delivery or on the course of labor and delivery are unknown. 
Pediatrics: The safety and effectiveness of Norpace in children 
have not beeg established. 

Adverse Reactions: Anticholinergic: dry mouth, urinary hesi- 
tancy, constipation, blurred vision, dry nose-eyes-throat, urinary 
retention. Genitourinary: urinary frequency and urgency, dysuria. 
Gastrointestinal: nausea, pain/bloating/gas, anorexia, diarrhea, 
vomiting. Central Nervous System: nervousness, depression, in- 
somnia, impotence, dizziness, general fatigue/ muscle weakness, 
headache, malaise. A single case of acute psychosis has been 
reported following Norpace therapy with prompt return to nor- 
mal mental status when therapy was stopped. Cardiovascular: 
edema/ weight gain, cardiac conduction disturbances, shortness 
of breath, syncope, chest pain, hypotension. Dermatologic: 
generalized rash/dermatoses. 

Dosage and Administration: Dosage must be individualized for 
each patient based upon response and tolerance. The usual 
adult dosage is 400 to 800 mg per day given in divided doses 
four times daily, following an initial loading dose. The recom- 
mended initial dosage schedule for adults is a single loading 
dose of 300 mg, followed by 150 mg every six hours. 

For patients of small stature, or those with moderate renal 
insufficiency, hepatic insufficiency, cardiomyopathy, or possible 
cardiac decompensation, a loading dose of 200 mg is recom- 
mended, followed by 100 mg every six hours. 

For patients with severe renal insufficiency lower doses are 
recommended. See complete prescribing information for details. 
Overdosage: No specific antidote for Norpace has been identi- 
fied; treatment of overdosage should be supportive. Overdosage 
might be expected to produce excessive widening of the QRS 
complex, worsening of congestive heart failure, hypotension, 
varying kinds and degrees of conduction disturbance, brady- 
cardia and finally asystole. Obvious anticholinergic effects 
might also be observed. The electrocardiogram should be 
monitored and supportive therapy with vasopressors, sympatho- 
mimetics, cardiac glycosides and diuretics should be given as 
required. In vitro studies have demonstrated good dialyzability 
for disopyramide. 
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The effect of short-term intravenous administration of procainamide (12 A 
patients), propranolol (4 patients) and verapamil (4 patients) was studied z 
in 12 patients with chronic recurrent sustained ventricular tachycardia. 
In all patients tachycardia could reproducibly be initiated and terminated 
with programmed electrical stimulation of the heart. Procainamide (1) _ 
lengthened the effective refractory period of the right ventricle, (2) af- | 
fected the tachycardia zone, (3) reduced ventricular rate during tachy- 
cardia, and (4) lengthened the interval between the tachycardia-initiating 
premature ventricular beat and the first QRS complex of tachycardia. No 
effect on the refractory period of the right ventricle or the mechanism of 
tachycardia was seen after administration of propranolol or verapamil. 
Apart from their therapeutic implications these data suggest that it may 
be possible to use drugs to study mechanisms of ventricular tachycardia 
in the human heart. 


The ability to initiate and terminate tachycardia reproducibly with 
programmed electrical stimulation of the heart provides an opportunity — 
to study the effect of drugs on the arrhythmia.! With use of programmed 
electrical stimulation we evaluated the effect of procainamide, pro- — 
pranolpl and verapamil in 12 patients with chronic recurrent sustained | 
ventricular tachycardia. i 


Material and Methods 3 


Patients: Over a 2 1/2 year period 23 patients with chronic recurrent sustained g 
ventricular tachycardia were studied with programmed electrical stimulation A 
of the heart. In 12 patients, the arrhythmia could reproducibly be initiated and | 
terminated with programmed electrical stimulation, and these 12 were selected — 
for study. There were nine men and three women, aged 29 to 70 years. Six of the — 
12 patients had a documented myocardial infarction 1 to 6 years before the study, — 
one patient had prolapse of the mitral valve and one had a posttraumatic left _ 
ventricular aneurysm; in four patients no etiologic diagnosis could be made. All | 
patients had electrocardiographic documentation of at least three attacks of — 
tachycardia. The time interval between the first mk and the stimulation study 4 
ranged from 9 months to 12 years. $ 

Protocol: Our methods of stimulation and recording have previously been 
described.? Shortly after the patients gave informed consent, the range of cou- _ 


ron 


Ë i 


Abe 


pling intervals of premature beats able to initiate ventricular tachycardia (the — 
tachycardia zone) was carefully determined. By repeating this procedure at thei 
same basic cycle length we established the reproducibility of initiation of 
tachycardia. In all patients the QRS configuration during tachycardia was — 
identical to the configuration recorded during spontaneous attacks of tachycardia 
outside the catheterization laboratory. j 
After these basic measurements were made and while the patient had ven- — 
tricular tachycardia, the drug to be evaluated was given directly into the right 
atrium through one of the catheters. Procainamide was given to all 12 patients 
in a dose of 10 mg/kg body weight, infused over a 5 minute period. In four patients 
1 hour after the procainamide had been given and the pattern of initiation and 
termination of tachycardia and heart rate during tachycardia had returned to 
the values before procainamide, 0.1 mg/kg of propranolol was given intraatrially 


N | 
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3 _ Electrophysiologic Data Before and Immediately After the Administration of Procainamide 
cae - S R-R Interval 
Pr + 
f During 

3 ; Tachycardia Tachycardia ` 
Nu Case Age (yr) Cycle Length ERPpy (msec) Zone (msec) eer ee 
E “20 & Sex Diagnosis (msec) re OS re ‘os re ost 
FS qe aM Old MI 600 260 300 290-260 340-320 365 410 
EF 2 29M Unknown 500 230 240 280-230 300-280 300 390 
È 3 40M Unknown 600 210 260 260-210 300-290 350 380 
i" 4 52M Unknown 700 240 260 260-250 350-280 300 370 
E 5 55M Old MI 600 230 290 260-230 320-290 330 460 
E 6 38M Prolapse MV 700 220 230 310-260 350 

a 7 60M Old MI 600 230 230 290-230 350 

Bs 8 54F Posttraumatic 700 220 230 260-220 400 

N aneurysm 

p 9 70M Old MI 600 250 270 290-260 340-310 380 450 
foe, 10 29M Unknown 700 260 260 500-400 680-420 470 540 

11 66F Old MI 600 260 289 290-260 340-300 350 540 
12 70F Old MI 600 250 270 290-250 360 


ERPpry = effective refractory period of the right ventricle; MI = 
_ of procainamide. 


EA 





-over a 10 minute period. In four other patients 1 hour after 

E administration of procainamide, again after return of the 

_ tachycardia characteristics to the preprocainamide values, 10 

_ mg of verapamil was given intraatrially over a 2 minute period. 

_ Measurements were made immediately and 15, 30, 45 and 60 

minutes after drug administration. Blood levels of the dif- 

ferent drugs were not determined. Statistical analyses were 
performed using the paired t test. 


Results 


Effect on mechanism of tachycardia: After a 
_ slowing in heart rate, procainamide terminated tachy- 
Re cardia during or within 2 minutes after its administra- 
na tion in 10 of the 12 patients. In the two remaining pa- 
_ tients the R-R interval during tachycardia lengthened 
_ by 55 and 75 msec, respectively. In both patients 
be tachycardia had to be terminated by inducing a single 
ventricular premature beat. 
w Immediately after administration of procainamide 
i tachycardia could not be reinitiated in 4 of the 12 pa- 


f 
E 
E Procainamide 
E 








myocardial infarction; MV = mitral valve; Post, Pre = after and before administration 


tients; among the remaining 8 (Table I), apart from a 
change to longer coupling intervals of the tachycardia- 
initiating premature beat, the tachycardia zone nar- 
rowed in 3 (by 10 to 40 msec), showed no change in 
width in 2 and widened (10 to 160 msec) in 3 patients. 
The eight patients in whom tachycardia could still be 
initiated immediately after administration of procain- 
amide had wer ventricular rate during tachycardia 
(Table I). The mean R-R interval before administration 
of procainamide measured 355 msec and after pro- 
cainamide 442 msec, a mean increase of 87 + 51 msec 
(méan + standard error of the mean) (P <0.005). Also, 
the interval between the tachycardia-initiating pre- 
mature beat and the first QRS complex of tachycardia 
lengthened (Fig. 1). The slowing in heart rate after 
procainamide made it possible to terminate tachycardia 
with fewer premature ventricular beats than before drug 
administration (Fig. 2). By 15 minutes after the end of 
procainamide administration, it was again possible to 
initiate tachycardia in 10 patients, and by 30 minutes 


‘TABLE Il N 
2 Electrophysiologic Data 1 Hour After Procainamide and Immediately After the Administration of Propranolol or Verapamil 
N R-R Interval 
Sg Cycle Tachycardia During 
N Case Drug Length ERPry (msec) Zone (msec) Tachycardia | (msec) 
S no. Given (msec) re os re ost re ‘ost 
K 2 Verapamil 500 230 230 280-230 280-230 320 320 
E 3 Verapamil 600 220 220 260-220 260-220 350 350 
5 4 Propranolol 700 240 240 270-250 270-250 300 300 
Ee 6 Verapamil 700 230 240 310-260 310-260 350 350 
z 7 Propranolol 600 240 240 290-240 290-240 360 360 
fy 8 Verapamil 700 230 230 260-230 260-230 330 330 
E 9 Propranolol 600 260 250 290-260 290-250 370 370 
a, 11 Propranolol 600 260 260 290-260 290-260 350 350 
__ERPpy = effective refractory period of the right ventricle; Post and Pre = after and before administration of verapamil or propranolol. 
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in all 12 patients. In all but two patients (Cases 10 and Propranolol < wa 
12) the effect of procainamide could no longer be dem- Propranolol when infused during tachycardia did not 
onstrated 1 hour after its administration. _ terminate tachycardia. In the four patients giveh the i 
T Effect on the effective refractory period of the drug no effect was found on thè effective refractory 
right ventricle: Immediately after procainamide ad- period of the right ventricle, the zone of tachycardia or A 


ministration the effective refractory period of the right ventricular rate during tachycardia (Table II). Only ~ 
ventricle lengthened by 22 + 19 msec (P <0.005). The slowing in sinus rate was observed (Fig. 3). w- 


effective refractory period had returned to the prepro- a 
cainamide value in 5, 8, 10 and 10 patients after 15, 30, Verapamil x| 
45 and 60 minutes, respectively. Like propranolol, verapamil did not terminai 
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FIGURE 1. Case 5. Initiation of A s A ‘A A A A 
ventricular tachycardia by a ven- i , i 
tricular premature beat given after ; | 
the shortest possible interval before , al 
(upper panel), immediately after His i RI E DE i ; i : \ 3 al 


(middie panel) and 15 minutes 


< > 
Q 
+ 


E NREN 
BS Se a E i ra A E 


after the administration of procain- a i 
amide (lower panel). Before pro- V4 : ee A \ Nt A Naon 
d cainamide, a ventricular complex \ if | d , à 


following the induced premature A A A f 
beat preceded the first QRS com- WB S EIN ARS Ness ae, ee, ee 
plex of tachycardia. Procainamide 

resulted in (1) lengthening of the | 600 1290! 500 | 455 | 460 | 460 | 


interval of the earliest premature 
beat able to initiate tachycardia, (2) l R had An EN ee E S 
lengthening of the interval between X 
the tachycardia-initiating ventricular Ml ‘ 
complex and the first QRS complex RA : 

of tachycardia, and (3) slowing in Se ee Ne re a ae ee ee a a ea fe ae ae 
ventricular rate during tachycardia. A A A A A ` : 
Changes were greater immediately 

after (middle panel) than 15 min- 

utes after (lower panel) procain- 


amide. Note the different patterns of His —~ , S—, oy pel wails wm rw ww Ni a 


V-A conduction in the three panels. 


Each panel from the top down in- V. j : 7 \ Si 
cludes leads | and Ill, a right intra- 1 rN / Z 4 





atrial (RA) lead, a bundle of His Vv \ A A w 
electrogram and precordial leads V4 — AS a AAN aime a 4 
and Vs. A = atrial deflection. 5 oe aes — \ j 
Numbers in each panel indicate R-R | 3 

600 |270| 480 | 430 | 430 | 430 | 430! ~~ 


intervals in milliseconds. 


- | E 


| 
` 4; 


October 1977 The American Journal of CARDIO! Y Volurhe 40 581 





= . = LR RST ST Pe Ty ee ee 
$ s - 


ANTIARRHYTHMIC DRUGS IN VENTRICULAR TA TACHYCARDIA— WELLENS EF ALE E ` ; = o 
EE 1 

‘tachycardia in the four Pprients studied. No significant effect on the electrophysiologic mechanisms operative 

effect was seen orf the effective refractory period of the in patients with chronic recurrent ventricular tachy- 


_ right-ventricle, zone of tachycardia or ventricular rate cardia. No such effect was seen after the administration” 
durifig tachycardia (Table II). Slight slowing of sinus of propranolol or verapamil. These findings not only 


_ rate after administration of verapamil was seen in all have therapeutic implications but also may be relevan 
‘= four poratents (Fig. 4 and 5). in the study of mechanisms responsible for ventricular 
i, tachycardia in man. 
Discussion Mechanism of ventricular tachycardia: Tachy- 
cardia can be the result of reentry or abnormal auto- 
Apart from lengthening the effective refractory pe- maticity, or both. Recent work by Cranefield® stresses 
riod of the right ventricle, procainamide had a marked the role of the calcium-dependent slow inward current 
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f | 470 | 470 | 370 | 

£ e 

ve , FIGURE 2. Case 5. Before admin- 
k ; II — SIENEN A ee ol istration of procainamide, with the 
pe RA anada aa NN nr fs R-R interval during tachycardia È 
pi measuring 350 msec, three closely 
P oan N —— et | ———— : 
k ‘A A E “A vf" coupled ventricular premature 
ai beats followed by a ‘‘spontaneous’’ 
E one are needed to terminate 
ie \ $ tachycardia. Immediately after 
É ù p rocainamide (middle panel), with 
_ His ^ N ne tg 
be x ij J At $ an R-R interval of 470 msec, only 
By ri caer : EPN ~ Ri ~ one induced ventricular premature 





fi V. beat is needed to terminate tachy- 

3 1 Sa oo) ete cardia. Fifteen minutes later (lower 

pe panel) the R-R interval during 

ev. = 

p 6 ee! QS Ls “~~ msec, and two closely coupled 

2 ventricular premature beats are 
3 ; 


tachycardia has shortened to 445 
| 445 | 445 | 260 |210 | needed to break the tachycardia. 
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in the genesis of arrhythmias. Verapamil by its ability component in the mechanisithof the arrhythmia in the 5 
to block the slow inward current has been shown to patients studied.> Propranolol has béen classified as a 
abolish these types of arrhythmia.* The absence of ef- quinidine-like drug, with respect to its membranessta- 
fect of verapamil on mechanisms of tachycardia in our bilizing properties. However, in the dose given it*had 
` Patients suggests that at least in the four patients re- no effect on duration of right ventricular refractory 
ceiving verapamil the slow response did not play a role period, ventricular rate during tachycardia or charac, - 
in the genesis and perpetuation of their arrhythmia. The teristics of initiation of tachycardia. £ 
failure to demonstrate an effect of propranolol on ven- Procainamide decreases automaticity in Purkinje 
tricular tachycardia suggests that augmented sympa- fibers and prolongs the refractory period of Purkinje 
thetic neurohumoral stimulation may not be a major fibers and ventricular muscle.’-!° It is therefore useful 


350 : i 
FIGURE 3. Case 11. Upper panel, ven- Ve 
tricular tachycardia before drug adminis- $E i 
tration showing an R-R interval of 350 5 
msec. Lower panel, slowing of ventricular l ee 
rate after administration of procainamide. j 
The R-R interval has increased to 540 jj] I 


. msec. The middle panel was recorded 1 
hour after the lower panel and 2 minutes 


after the end of intraatrial administrationof RA acme aa ae m 


7 mg of propranolol. Note that the ven- 
tricular rate during tachycardia is the same 


as that before drug administration (upper Hi jn As A a \ je i 
panel). The only effect of propranolol is $ hig i v pi 
considerable slowing of the sinus rate. (A-A 


interval 1,500 msec compared with 770 
msec before drug administration). Although i i | 


administration of propranolol (middle Vi 

panel) followed procainamide (lower 

panel) this sequence of presentation of 540 

panels was chosen to stress the absence / 

of change in ventricular rate after admin- Ve aN AN NA 
istration of propranolol. p £ 
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both for arrhythmias based upon enhanced automa- 
ticity and for those based upon reentry. The reproduc- 


ible initiation and termination of tachycardia with 
_ programmed electrical stimulation suggests that reentry 


was the underlying mechanism of the arrhythmia in our 
_ patients.” Apart from affecting the zone of tachycardia 
and slowing the ventricular rate, procainamide 
lengthened the interval between the tachycardia-ini- 
tiating premature beat and the first QRS complex of the 
tachycardia. Giardina and Bigger!! considered this 
lengthening of the coupling interval of a ventricular 
ectopic beat after administration of procainamide by 


_ an argument for a reentry mechanism. Therefore both 
_ the initiation and terr&ation of tachycardia with 


programmed electrica? stimulation and the effect of 
procainamide on tachycardia favor reentry as the 
underlying mechanism of the tachycardia in our pa- 
tients. 

Procainamide and reentry tachycardias: Recently 


_ Pratap Reddy et al.!? reported on the effect of pro- 
_ cainamide on the occurrence of a single ventricular 


reentrant beat on reaching a critical retrograde con- 
duction delay within the His-Purkinje system (the V3 
phenomenon) during programmed ventricular stimu- 
lation. In none of their patients was the V3 phenomenon 
abolished with procainamide although the occurrence 


premature beat intervals. In some, the drug favored the 


F initiation of sustained reentry (three to four consecutive 
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FIGURE 4. Case 2. Upper panel, ven- 
tricular tachycardia before drug ad- 
ministration. Lower panel, adminis- 
tration of procainamide resulted in 
slowing and termination of tachycar- 


Cad 


beats). In none of our patients did the V3 phenomenon 
play a role in the initiation of tachycardia. As previously 
discussed,” although the V3 phenomenon is a quite 
common finding during ventricular stimulation, we do 
not believe that it is of major importance in the genesis 
of sustained ventricular tachycardia. The relevance of 
studies on the effect of drugs on the V3 phenomenon to 
the treatment of patients with sustained ventricular 
arrhythmias remains to be demonstrated. It is not sur- 
prising that in our patients the effect of procainamide 
showed considerable individual variation. Reentry is the 
result of a delicate interplay between duration of re- 
fractory periods in the reentry circuit and conduction 
velocity of the circulating impulse. Although procain- 
amide may disrupt this mechanism in one patient it may 
actually facilitate it in another. Similar observations 
have been made in other types of reentrant tachycar- 
dias!* and emphasize the need to perform stimulation 
studies with and without drug administration in pa- 
tients whose arrhythmias are difficult to control. In 
patients with the Wolff-Parkinson-White syndrome! 
we found that the action of procainamide when given 
intravenously was short-lived, and that an effect on 
electrophysiologic variables could no longer be dem- 
onstrated while plasma levels of procainamide were still 
within the range considered effective for suppression 
of ventricular ectopic activity.!6 This observation 
suggests that there is a discrepancy between blood levels 
of procainamide and myocardial content after intra— 
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FIGURE 5. Case 2. The upper panel was recorded 
1 hour after the administration of procainamide. 
The R-R interval during tachycardia measures 320 
msec. The lower panel indicates the tachycardia 
2 minutes after administration of verapamil. 
Verapamil had no effect on the ventricular rate 
during tachycardia. Only slowing in sinus rate was 
observed (1,100 versus 810 msec). 


venous administration of the drug and made us deeide 
not to measure plasma levels of procainamide ’in the 
present study. 

Our investigation indicates that after intravenous 
drug administration, findings during the stimulation 
study are critically related to the timing of measure- 
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Ten patients with recurrent or continuous supraventricular tachycardia 
difficult to control with conventional antiarrhythmic agents were treated 
with aprindine, a new antiarrhythmic drug. Nine patients had Wolff-Par- 
kinson-White syndrome. An electrophysiologic study was performed 
before and during oral administration of aprindine. At the time of the first 
study, circus movement supraventricular tachycardia was initiated in 
Patients 1 to 8. During administration of aprindine, circus movement su- 
praventricular tachycardia could no longer be initiated in Patients 1 to 4 
but was initiated with difficulty in Patients 5 and 6 and with greater ease 
in Patients 7 and 8. In Patient 9, aprindine therapy slowed the ventricular 
response during atrial flutter from 1:1 conduction over the accessory 
pathway to 2:1 conduction over the normal pathway; in Patient 10, it 
slowed the ventricular rate during atrial fibrillation from 140-180 to 80-100 
beats/min. Patients 1 to 6, 9 and 10 had an excellent clinical response, 
but treatment with aprindine was discontinued in Patients 7 and 8. Elec- 
trophysiologic evaluation revealed that aprindine produced complete block 
or increased refractoriness of the accessory pathway in an antegrade 
direction in all patients and in a retrograde direction in all but two (Patients 
7 and 8) tested. Aprindine also slowed conduction in the accessory 
pathway and, when supraventricular tachycardia could still be initiated, 
it occurred at a slower rate. Neurologic side effects occurred primarily 
during the initial administration and dose adjustment of aprindine. 


Aprindine, a new antiarrhythmic agent with local anesthetic properties, 
has been used in man to suppress both atrial and ventricular arrhyth- 
mias.'~? Initial animal!’ and clinical studies?*78 have suggested that 
aprindine might also be effective in treating patients with supraven- 
tricular tachycardias, particularly those whose arrhythmia is associated 
with the Wolff-Parkinson-White syndrome. In this report, we present 
the results obtained when aprindine was administered to nine patients 
who had hard-to-control supraventricular tachycardias associated with 
the Wolff-Parkinson-White syndrome and to one patient who had a 
drug-resistant supraventricular tachycardia unrelated to the Wolff- 
Parkinson-White syndrome. 


Methods 
Patient Seléction 


Patients were referred for treatment with aprindine because of supraven- 
tricular tachycardia that was difficult to control with conventional drugs given 
singly or in combinations. The arrhythmia was present continuously in some 
patients but in others occurred at intervals ranging from several days to 1 month. 
All patients had had symptoms related to the tachycardia for at least 4 months. 
One patient (Table I) had had the tachycardia intermittently for 25 years. Eight 
patients (Cases 1 to 7 and 9) were studied and treated at the Indiana University 
School of Medicine and two (Cases 8 and 10) at the Abraham Lincoln School of 
Medicine. 


A x f) 
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~ All patients were aware that aprindine was approved for 
expesimental use only and gave their written informed consent 
to a trial of therapy with aprindine and for invasive electro- 
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therefore discontinued. Patien {o did ngt, have an invasive 


I 


- 


£ J 


electrophysiologic study because of the presence of chronic 
atrial fibrillation. Type A Wolff-Parkinson-White amapag | 
ed 


during normal sinus rhythm and during atrial fibrillation. j 


d 


Procedure: At the time of the electrophysiologic study, | 


used. Generally, two catheters were introduced into each 
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Unsuccessful Drug Trials 


Digoxin, 0.25 mg daily; se 
quinidine, 200 mgevery6 | 
hours; procainamide, 500 | 


mg every 4 hours; pro- 


pranolol, 80 mg every 6 4 
hours; diphenylhydantoin, 


100 mg every 6 hours 


goxin, 0.25 mg daily; 


quinidine, 400 mg every 6 
hours; procainamide, 500 
mg every 6 hours; pro- 


hours; disopyramide, 


40 mg every 6 hours 
Digoxin, 0.25 mg every 12 


1 
‘| 
pranolol, 50 mg every 6 | 


150 mg every 4 hours 
gitoxin, 0.1 mg daily, 


quinidine, 300 mg every 8 


hours; propranolol, 


hours; quinidine, 200 mg 
every 6 hours; procain- 
amide, 500 mg every 6 
hours; propranolol, 40 

mg every 6 hours 

igoxin, 0.25 mg daily; 
quinidine, 400 mg every 6 
hours; propranolol, 40 | 
mg every 6 hours 

igoxin, 0.25 mg daily; 
quinidine, 300 mg every 8 
hours 


{ 
=| 
7 
l 


Digoxin, 0.25 mg daily; 


quinidine, 200 mg every 6 
hours ‘ 


Digoxin, 0.25 mg daily; 


quinidine, 200 mg every 6 
hours 


* Quabain, 0.7 mg; procain- 


Digoxin, 0.125 mg daily; a 


amide, 350 mg in 20 min; 
propranolol, 7 mg; 

disopyramide, 280 mg in 
1 hour j 


Digoxin, 0.25 mg daily; 


quinidine, 200 mg every 6 © 
hours; propranolol, 40 | 
mg every 6 hours 4 


quinidine, 300 mg every 4 | 


hours; procainamide, 1 g 
every 4 hours; propranolol, 
20 mg every 6 hours 


. a=physioloeie investigations performed both before and during in this patient was established with scalar tracings reco 
rug administration. 
Electrophysiologic Stanly three or four tripolar or quadripolar electrode catheters were’ 
Both electrophysiologic studies were completed in all but 
Patients 8 and 10. Patient 8 underwent only one study because femoral vein; occasionally, a single catheter was inserted into 
aprindine, given intravenously at the time of the study, fa- the left antecubital vein. Electrodes were separated by 10 mm. 
cilitated induction of supraventricular tachycardia and was The catheters were positioned in the high right atrium, in the 
TABLE I 
Patient Profile 
Case Age (yr) Heart Type of Frequency Signs or Symptoms 
no. &Sex Disease WPW Type of SVT of SVT Related to SVT 
1 46F None None A-V nodal Weekly for Shortness of breath, 
> reentry 4yr fatigue 
2 33M None A Ante NP, Continuous Mild shortness of Di 
retro AP for 2yr breath, fatigue 
cardiomegaly, 
mitral insufficiency 
3 58M None A* Ante NP, Twice weekly Shortness of breath, Di 
Mo AP over past fatigue 
6 mo 
4 28M None A 2 types: Weekly for Shortness of breath, 
(1) Ante NP, 6 mo fatigue 
retro AP; * 
(2) atrial * Presyncope 
fibrillation 
5 47M None A* Ante NP, Almost con- Shortness of breath, D 
retro AP tinuous for dizzy 
6 mo 
6 40M None B 2 types: Weekly for None D 
(1) Ante NP, 25 yr 
retro AP; 
(2) atrial Shortness of breath, 
fibrillation presyncope 
7 40M None A Ante NP, Every 2-3 Shortness of breath, 
retro AP wk for fatigue 
4yr 
8 50M CAD A Ante NP, Monthly for Angina 
retro AP past 1 yr 
. / 
9 59M Cardio- A Atrial flutter, Every 2-3 Syncope, shortness 
myopathy 1:1 conduc- days for of breath, fatigue, 
tion over AP 1yr seizure; cardio- 
megaly 
10 38M Cardio- A Atrial Continuous Shortness of breath, 
myopathy fibrillation for 4 mo fatigue, edema, 
despite re- cardiomegaly 
i peated car- 
dioversions 








* Retrograde conduction only. 


t Drugs given intravenously on sequential days; paroxysmal supraventricular ta 
= atrioventricular; CAD 


Ante = antegrade direction; AP = accessory pathway; A-V 


chycardia initiated on each day. 


= coronary artery disease; NP 


retrograde direction; SVT = supraventricular tachycardia; WPW = Wolff-Parkinson-White conduction. 
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= normal pathway; Retro = 
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| TABLE II 








5 sS 
_ Electrophysiologic Variables Before and During Aprindine Therapy (values in msec) Se eth 
ie ° Effective Refractory Period ø ° 
fs - SPRATT MI fA ORAL RO Ra a na A in LR EN a ad BIL: eA 
{: Ha Accessory Pathway Normal Pathway (A-V Node) 
haa a a ea a E 
| ae RA LA RV Ante Retro Ante Retro 
a. no. BCL c Apr C Apr Cc Apr Cc Apr C Apr Q Apr C Apr 
pe 1 500 206 260 200 220 240 260 None None None None 220 <290 <250 BI 
ğ 2 600 180 270 <220 250 * 270 220 BI <400 540 <220 <330 * >540 
M 700 ie 370 300 260 250 BI BI >300, BI 300 <390 t BI 
<400 
4 600 200 240 190 250 200 230 290 BI <240 BI 210 <320 R 520 
w65 500 190 260 200 260 230 250 BI BI 250 290 <220 <300 <250 >290 
m6 600 230 330 230 370 250 260 320 BI <260 <305 <320 <365 i: $ 
E7 450 230 240 200 210 <200 200 230 350 <260 240 <230 <250 t i 
p f 8 600 260 * B Pay 170 190 290 BI <170 <190 <270 if t t 
9 700 250 260 ie ses NS Rat <320 BI fcr Vie t <300 j 
ce aes ye te hy ae Aas <2408 55508 Ee a a D 1 





* Could not obtain because of recurrent supraventricular tachycardia. 


t Could not obtain because of conduction over accessory pathway. 
= #Varied. 
WA § Estimated from R-R cycle length during atrial fibrillation. 


A y 


_ coronary sinus or in the left atrium through a patent foramen 
ovale, in the right ventricle and across the septal leaflet of the 
rg tricuspid valve to record His bundle activation. No patient was 
Teceiving any cardiac medication other than aprindine at the 
_ time of study. One patient (Case 3) had been taking pro- 
_ pranolol just before the first study. 

Tracings were stored on a frequency modulation tape re- 
_corder (Hewlett-Packard) and were also recorded on a mul- 
tichannel oscilloscopic recorder (Electronics for Medicine DR 
8) at a paper speed of 100 mm/sec, using filter settings of 40 
and 500 hertz for the intracardiac electrograms and of 0.1 to 

20 hertz for the surface electrocardiograms. Time lines of 1 

Peon were used. The right atrium, the apex of the right 








ventricle and the left atrium directly or through the coronary 
_ sinus were each stimulated using a programmable stimulator 
(Medtronic 5325, Bloom Associates or WP Instruments, Inc.), 
_ with rectangular stimuli of 1 to 2 msec duration at an intensity 
equal to twice the diastolic excitability threshold. The stim- 
_ulator could be programmedyo deliver one or more premature 
stimuli after pacing or sensing a driven or spontaneous basic 
_train of complexes. Stimuli and the local electrogram recorded 
_at the site of stimulation (using the Medtronic 5235) were 
lisplayed on a separate channel. 
__ Initiation of tachycardia: Refractory periods were de- 
ined during one or more pacing cycles using the single 

xtrastimulus techniques,!! which was generally sufficient to 
initiate supraventricular tachycardia.!2 For simplicity, only 
data derived at one cycle length are presented (‘Table II). 
Multiple premature stimuli and rapid pacing at different cycle 
lengths were used in an attempt to initiate supraventricular 
tachycardia when single stimuli failed to do so. In addition, 
maximal 1:1 conduction was established when possible while 
stimulating the atrium and ventricle at progressively shorter 
cycle lengths. The mode of initiating the supraventricular 
Pia 













a i 
ha 
Ms $ - 


tachycardia ang the duration of echo zones were carefully 
documented. ficho zones were defined as the zone of A1-A9, 
A1-A2-A3 or V1-V3 intervals that initiated supraventricular 
tachycardia (Table II). In attempting to initiate supraven- 
tricylar tachycardia during administration of aprindine, 
premature stimuli were also applied outside those echo zones 
and at different cycle lengths. Rapid atrial pacing was used 
to induce atrial fibrillation in Patients 4 and 6 and atrial 
flutter in Patient 9 because these arrhythmias also occurred 
spontaneously in these patients. 


Aprindine Administration 


Aprindine was administered orally in capsule form, some- 
times after a loading dose given intravenously, to all except 
Patient 8, who received only the intravenous loading dose. The 
oral dose of aprindine was 200 mg initially, followed by 100 mg 
1 hour later and an additional 100 mg 6 hours later. The next 
day, the patient received 150 mg every 12 hours and on the 3rd 
day, 100 mg every 12 hours. Thereafter, the dose was indi- 
vidualized according to each patient’s response.* 


* Since completion of this study, the dosing schedule for oral and 
intravenously administered aprindine has been changed although the 
total amount given remains the same. At present, the oral schedule is 
100 mg every 6 hours on the 1st day, 75 mg every 6 hours on the 2nd 
day and 50 mg every 6 hours on the 3rd day. Intravenously, 200 mg of 
aprindine is administered at a constant infusion rate of 2 mg/min. Thirty 
minutes after the first 200 mg is given, 100 mg is administered at a rate 
of 2 mg/min. Six hours after the first injection of aprindine is begun, the 
final 100 mg is infused at a rate of 2 mg/min. 


(588 October 1977 The American Journal of CARDIOLORY Vahima an Bee. et 











E K TASS ce OLN a eS LET FOR eT ee = naam 
o a ' APRINDINE FOR SUPRAVENTRICULAR ‘TACHYCARDIA—ZIPES ET AL. 
’ i 
. n ‘a ; 
~ TABLE II ari sA 4 
(Cortt‘d) F 
E c : jj € 
. — . >: y 
Minimal 1:1 CL Apr n 
Serum Level 
Ante Retro Mode of SVT Initiation At Time 
EEE Gia Le T c __ O Study re 
C Apr Cc Apr Cc Apr (ug/ml) F 
250 (NP) 370 (NP) <500 (NP) 610 (NP) RA S, 320—400, S, 230—270 None N 1.3 a 
<275 (AP) 370 (NP) <275 (AP) <700 (AP) Spontaneous PACs, PJCs, None 1.54 
LA S,: 220 
<380 (NP) 400 (NP) <380 (AP) Complete retrobl RA or LA S,: 330-500 None 2.4 
220 (NP), 330 (NP) <255 (AP) 550 (NP) RA S, 240—290, LAS, None 0.88 
330 (AP) 220—280 
250 (NP) 300 (NP) <270 (AP) 360-510 (AP) RA or LA S,: 220—260 LA S,: 270-280, 1.60 
RV pacing, <500 msec 
PESAT <390 (NP) <340 (AP) <390 (AP) RA S, 330—400, S, 300-340 Rapid RA pacing 1.63 
< 
230 (NP), 250 (NP), <360 (AP) <440 (AP) LA S, 200; RA S, 250—300, RA S, 240-300, 0.48 
<230 (AP) 330 (AP) S, 250—260; RV S, 200 RV S, 250 
300 (AP) 300 (NP) 270 (AP) 285 (AP) RA S, 270—290 RA S,*-370 ri 
<240 (AP) >270 (NP) na 0.84 


<240 (AP) $ 550 (NP) Š 












length; LA = left atrium; NP = normal pathway; PACs = 


The loading dose given intravenously waS200 mg of ap- 
rindine administered in 25 mg aliquots at intervals of 2 to 5 
minutes. Additional doses of 100 mg were given in the same 
fashion, 1 and 6 hours later. The following day, the patient 
received orally administered aprindine according to‘ the 
schedule described previously. 
Patients underwent a repeat electrophysiologic study after 
3 to 20 days of oral administration of aprindine. Venous blood 
samples for assay of aprindine concentration were drawn 
immediately before the electrophysiologic study. 
We chose to study the effects of orally administered ap- 
; rindine because previous canine studies had shown that the 
myocardium rapidly binds the drug after intravenous ad- 
ministration, initially producing very high myocardial con- 
centrations and prominent electrophysiologic changes. During 
the 1st hour after completion of intravenous administration, 
the myocardial concentration greatly decreases and the 
prominent electrophysiologic changes diminish. These 
changes prevent creation of a steady state immediately after 
intravenous administration of aprindine.!* 
Follow-up: All but Patients 7 and 8 have been taking orally 
administered aprindine for 3 to 12 months. Patients have been 
‘seen by a physician weekly for the 1st month and then at 
monthly intervals; any recurrence of supraventricular 
tachycardia has been detected by noting the patient’s symp- 
toms and obtaining a 12 lead electrocardiogram and 24 hour 
Holter recording at each visit. 


Definitions 


The following definitions are used in this study: Ef- 
fective refractory period of the atrium: the longest S;-S» in- 
terval, delivered to the right or left atrium, at which S» failed 
to elicit an atrial depolarization. 


i oS Gh a eer ech erase ETN 


Ante = antegrade direction; AP = accessory pathway; Apr = aprindine; 
premature atrial complexes; 
Retro = retrograde; RV = right ventricle; S, = a sing'e premature stimulus induced paroxysmal supraventricular tachycardia; S3, S; 
mature stimuli needed to induce paroxysmal supraventricular tachycardia. 
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Rapid RA pacing Rapid RA pacing 


BCL = basic cycle length; BI = complete block; C = control; CL = cycle 3 - 
PJCs = premature junctional complexes; RA = right atrium; 
= two pre- 


Effective refractory period of the ventricle: the longest — 
S1-S% interval, delivered to the right ventricle, at which S2 | 
failed to elicit a ventricular depolarization. Ss 

Antegrade effective refractory period of the accessory — 
pathway: the longest A1-A2 interval, determined on the same — 
side as the accessory pathway, at which Ag failed to conduct — 
to the ventricle over the accessory pathway. A 

Retrograde effective refractory period of the accessory 
pathway: the longest Vı-V2 interval, determined from the 
right ventricle, at which V2 failed to conduct to the atrium over 
the accessory pathway. aa 

Antegrade effective refractory period of the atrioventric- — 
ular (A-V) node: the longest A;-A2 interval, measured in the - 
His bundle electrogram, at which A: failed to conduct through ~ 
the A-V node to the bundle of His. S 

Retrograde effective refractory period of the A-V node: the 
longest Vı-H2 interval, determined from the right ventricle, 
at which Hp failed to conduct toghe atrium through the A-V 
node. ° E 


Results 


All but one patient (Case 1) had the Wolff-Parkin- _ 
son-White syndrome. Six patients had a left-sided a C= 
cessory pathway (type A) that conducted in both di- 
rections,!4 two had a left-sided accessory pathway tha A 
conducted only in a retrograde direction! and one pa- 
tient had a right-sided accessory pathway (type B) that 
conducted in both directions.!? Two patients had a- 
cardiomyopathy associated with excessive ingestion of- 
alcohol and one patient had coronary artery disease; the 
remaining seven patients had no clinically detectable 


heart disease. 
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Fe FIGURE 1. Patient 10. Electrocardiograms before and during treatment 
__ with aprindine in a patient with type A Wolff-Parkinson-White syndrome. 

Left, control recording before administration of aprindine, revealing atrial 
_ fibrillation, rapid ventricular response at a rate of approximately 200 


_ beats/min and type A preexcitation. Right, recording obtained while 
f the patient was receiving aprindine, 200 mg/day orally. The ventricular 

_ rate is approximately 80 beats/min and conduction occurs almost ex- 
r clusively by way of the normal pathway. 


_ Tachycardia to Aprindine 





Before administration of aprindine, paroxysmal su- 
praventricular tachycardia was initiated in Patients 1 
_ to 8 and echo zones were established (Table II). During 

_ treatment with aprindineS paroxysmal supraventricular 
tachycardia could no longer be initiated in Patients 1 
to 4 by one or more premature atrial or ventricular 
i stimuli delivered during stimulation at multiple basic 
_ cycle lengths or during rapid atrial or ventricular pac- 
~ ing. 
In Patients 5 to 8, paroxysmal supraventricular 
tachycardia could still be started in spite of adminis- 
tration of aprindine. However, the atrial echo zone was 
narrowed in Patient 5 and paroxysmal supraventricular 
tachycardia could be initiated from the atrium only 
during premature left atrial stimulation. Right ven- 
_ tricular pacing at cycle lengths of less than 500 msec also 
initiated paroxysmal supraventricular tachycardia in 
| this patient after administration of aprindine. In Pa- 
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tient 6, the atrial echo zone for premature stimulation . 


was eliminated, and rapid atrial pacing was required to “~- 


initiate paroxysmal supraventricular tachycardia. In 
both patients, brief periods of competitive atrial or 
ventricular pacing promptly terminated the paroxysm 
supraventricular tachycardia. 

The echo zone widened in Patients 7 and 8 during 
treatment with aprindine, thus facilitating induction 
of paroxysmal supraventricular tachycardia. In addi- 
tion, paroxysmal supraventricular tachycardia was more 
difficult to terminate, requiring long periods of rapid 
competitive atrial or ventricular pacing to restore sinus 
rhythm. 

In the four patients in whom paroxysmal supraven- 
tricular tachycardia could be initiated during treatment 
with aprindine (Patients 5 to 8), the cycle length of the 
tachycardia was longer than before treatment. 


Response of Atrial Flutter and 
Atrial Fibrillation to Aprindine 


Clinically, Patient 9 had recurrent atrial flutter with 
1:1 conduction to the ventricle over the accessory 
pathway, and Patient 10 had chronic atrial fibrillation 
with ventricular rates of 140 to 180/min while receiving 
maximal doses of quinidine (300 mg every 4 hours; peak 
serum concentration 10.4 mg/liter) and procainamide 
(1 g every 4 hours; peak serum concentration 13.0 
mg/liter). Patients 4 and 6 experienced, in addition to 
paroxysmal supraventricular tachycardia, atrial fi- 
brillation wjga very rapid ventricular rates due to con- 
duction primarily over the accessory pathway. 

Administration of aprindine resulted in a marked 
decrease in the ventricular rate during atrial fibrillation 
(Fig. 1) in Patients 6 and 10 and in 2:1 conduction to the 
ventricle over the normal pathway in Patient 9, who had 
atrial flutter. In addition, the cycle length of the atrial 
flutter increased from 240 to 270 msec in this patient. 
Atrial fibrillation could no longer be induced in Patient 
4, 


Clinical Response to Aprindine 


Aprindine increased the incidence of paroxysmal 
supraventricular tachycardia in Patients 7 and 8 and 
was discontinued in these two patients. Patient T 
treated with digitoxin (0.1 mg daily), propranolol (40 
mg every 6 hours) and quinidine (200 mg every 6 hours), 
continued to have self-terminating episodes of parox- 
ysmal supraventricular tachycardia in the 8 month 
follow-up period. Patient 8 had partial interruption of 
the accessory pathway at operation and had only one 
recurrence of tachycardia in the 5 months since then. 

Correlation with electrophysiologic responses: 
The remaining eight patients had a beneficial clinical 
response to aprindine therapy over a follow-up period 
of 3 to 12 months (mean 5.9 months). Six patients still 
have episodes of supraventricular tachycardia but far 
less often than when they received conventional agents. 
In general, a beneficial clinical response correlated with 
the results obtained during the second electrophysio- 
logic study. However, there was not complete correla- 
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tion, after administration of aprindine, between the 


` ability to induce supraventricular tachycardia with 


i 
. 


pacing and the spontaneous recurrence of supraven- 


* æ tricular tachycardia. Paroxysmal supraventricular 


tachycardia could not be initiated in Patients 1 to 4 at 
the time of the second electrophysiologic study when 
the patients were receiving aprindine, yet each patient 
had one or two recurrences of paroxysmal supraven- 
tricular tachycardia, terminating spontaneously (Cases 
2 and 4), with pharmacologic therapy (Case 3) or with 
direct current cardioversion (Case 1). Patient 2 had both 
recurrences during upper respiratory infections, and 
Patients 1 and 3 had recurrences at a time when their 
serum concentrations of aprindine were low because ‘of 
reductions in oral dosage. When therapeutic concen- 
trations of aprindine were restored in these two patients, 
they had no further recurrences of paroxysmal supra- 
ventricular tachycardia. Paroxysmal supraventricular 
tachycardia could be initiated in Patients 5 and 6 at the 
time of the second electrophysiologic study during ad- 
ministration of aprindine. Patient 6 had a 12 second 
episode of paroxysmal supraventricular tachycardia 
during a Holter recording, but spontaneous recurrence 
of paroxysmal supraventricular tachycardia in Patient 
5 was not observed. In some patients the episodes of 
paroxysmal supraventricular tachycardia may be more 
frequent than is recognized either by the patient or by 
the examiners during monthly examinations and 24 
hour Holter recordings; this possibility is likely because 
the ventricular rate during paroxysmal supraventricular 
tachycardia is much slower when the patient is receiving 
aprindine. 

Six patients are receiving (in two or three divided 
doses) 150 mg of aprindine daily, one patient 120 mg 
daily and one patient 200 mg daily. The mean serum 
aprindine concentration for Patients 1 to 6, 9 and 10, 
based on the most recent sample, is 1.7 + 0.8 ug/ml 
(mean + standard error). 

Clinical features of the recurrent tachycardias 
modified by aprindine: Several clinical points should 
be emphasized to highlight the symptomatic nature of 
the supraventricular tachycardia and the response to 
aprindine therapy (Table I). Patient 1 required more 
than 90 electrical cardioversions to terminate parox- 
ysmal supraventricular tachycardia in the several years 
before aprindine therapy and has had only one recur- 
rence of paroxysmal supraventricular tachycardia in 10 
months since the start of this therapy. Patient 2 had 
experienced continuous paroxysmal supraventricular 
tachycardia, at a rate of 200 to 220/min for 2 years, in 
spite of receiving procainamide, quinidine, digitalis and 
propranolol simultaneously. He presented with car- 
diomegaly and a murmur of mitral insufficiency. Several 
hours after his first oral doses (300 mg) of aprindine, the 
tachycardia terminated and has recurred only tran- 
siently on two occasions in 12 months. His heart size has 
returned to normal and the murmur of mitral insuffi- 

ciency has disappeared. 
Patient 9 had recurrent syncope with seizure activity 
during atrial flutter with 1:1 conduction to the ventri- 


_ cles. At the time of the second electrophysiologic study, 
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atrial flutter was initiated.and allowed to persist for 10 
days. During that entire 10 day interval, the patient was 
ambulatory and experienced only 2:1 conductior} over y 
the normal pathway, except for a 15 minute period on 
the day after the electrophysiologic study when, possibly 
owing to a low serum concentration of aprindine, 1:1 _ 
conduction transiently occurred over the accessory — 
pathway. On the 10th day, direct current cardioversion — 
was used to terminate the atrial flutter, and the ar- 
rhythmia has not recurred since the start of aprindine 
therapy. Patient 10 had experienced refractory con- 
gestive heart failure due to uncontrolled ventricular 
rates during atrial fibrillation. After he was treated with 
aprindine, the ventricular response during atrial fi- 
brillation slowed to rates of less than 100 beats/min and - 
the patient then lost more than 13.5 kg of edema fluid — 
in 2 weeks and had a striking decrease in heart size. 
After 2 months of aprindine therapy, long-standing 
atrial fibrillation spontaneously reverted to normal 
sinus rhythm, which has remained. rA 
Finally, two patients (Cases 4 and 6) had recurrent 
paroxysmal supraventricular tachycardia that produced — 
symptoms but, for unknown reasons, these patients had 
recently experienced atrial fibrillation. The latter, be- | 
cause of the rapid ventricular rate, exacerbated their 
symptoms, produced presyncope and led to their re- 
ferral. While receiving aprindine, Patient 4 had a 
transient recurrence of supraventricular tachycardia 
that was easily tolerated; Patient 6 has experienced no 
recurrence. { 


Side Effects | 


During the initial 1 to 2 weeks of administration of- 
aprindine, several patients had experienced transient 
side effects, including fine tremor of the hands (Cases 
2 and 6), ataxia (Cases 9 and 10) and nausea (Case 5). 
Neither the patients nor the physicians considered these | 
side effects sufficiently severe to warrant discontinua- — 
tion of therapy, and they disappeared with a reduction | 
in dosage. The most severe problem occurred in Patient 
4. He had received 400 mg of aprindine on the 1st day 
of therapy, 300 mg on the 2nd day, 200 mg on the 3rd 
day and 225 mg on each of the next 4 days (75 mg every 
8 hours). This dose was not reduced because he ap- 
peared to tolerate the drug well and had no neurologic | 
side effects of electrocardiogyaphic signs of toxicity. Ata 
the precise moment of catheter withdrawal upon com- | 
pletion of the second electrophysiologic study, he had 
a grand mal seizure from which he recovered unevent- 
fully. Subsequent neurologic evaluation, electroen- 
cephalogram and brain scan were normal. Although the 
serum concentration of aprindine was within a thera- 
peutic range (0.88 ug/ml) and higher concentrations 
(such as 1.26 ug/ml) produced no problems in this pa- 
tient, aprindine cannot be excluded as the cause of the 
seizure. With a reduced dose of aprindine (50 mg every 
8 hours), he has no further side effects, except fora 
transient elevation of hepatic enzymes in the serum. — 
All patients except Patient 3 have no side effects at 
their present daily dosage of aprindine. Patient 3 has 
a slight fine tremor. Because reduction of this patients 
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FIGURE 2. Patient 4. Control recording before * 
__ treatment with aprindiné. Determination of the 
| antegrade effective refractory period of the 
| acces ory pathway and‘initiation of paroxys- 
|. mal supraventricular tachydardia in a patient 
with type A Wolff-Parkinson-White syndrome. 
_ After the last driven impulse of the basic train, 
premature stimulation of the right atrium at a 
coupling interval of 300 msec resulted in an- CONTROL 
tegrade conduction over the accessory path- 
way (left). Activation of the bundle of His oc- 
_ curred after the onset of the QRS complex. 
Premature right atrial stimulation at a coupling 
interval of 290 msec blocked in antegrade 
__ fashion in the accessory pathway, conducted 
a to the ventricle with a right bundle branch 
| block and initiated paroxysmal supraventricular 


HH383-660564 


alae 


_ atrium preceded activation of the low and high 
i right atrial sites (right). These findings are 
consistent with the presence of a left-sided 
_ bypass tract. From top to bottom: right atrial 
electrogram (RA); His bundle electrogram 
_ (HBE); left atrial electrogram (LA); scalar leads 
I, Il, Ill and V4; and stimulus channel (St.). Paper 
_ speed is 100 mm/sec; numbers indicate msec. 
_ A = atrial potential; e = electrogram recorded 
at the site of stimulation; H = His bundle po- 
| tential; V = ventricular potential. Of the paced 
__ beats, only the last in the basic train and the 
premature stimulus are displayed. 





| FIGURE 3. Patient 4. Complete ante- 

grade and retrograde block in the ac- 
| cessory pathway during administration I 
| of aprindine. The top panels display the 

last driven beat of the basic train and 
__ the premature right atrial stimulus, de- 

livered at coupling intervals of 500, 400 . 
__ and 250 msec, respectively. Both the 
| basic and premature beats are con- 
_ ducted to the ventricles over the normal 
| pathway, with a right bundle branch 
_ block similar to the contour of the QRS 
| complex initiated during supraventric- 

ular tachycardia seen in Figure 2. His 

bundle activation was slurred and de- 

layed after premature stimulation at 
-intervals of 500 and 400 msec; after 
_ premature stimulation at 250 msec, a 
` Clear His bundle spike could not be re- 
bE corded. Supraventricular tachycardia 
_ could not be initiated at any coupling 
| interval. The bottom panel shows the 
| right ventricle being stimulated àt a 
_ constant cycle length of 560 msec. 
-Note that low right atrial activation 
| preceded high right atrial activation, and 
__ that the latter preceded left atrial acti- 
_ vation. This sequence of retrograde 
__ atrial activation is entirely different from 
__ the corresponding sequence that oc- 
| curred during supraventricular tachy- 
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| rograde block in the accessory pathway 
is present. Note also that a retrograde 
| Wenckebach block occurred in the 
4 normal pathway; the V-A interval pro- 
Į gressively lengthened, culminating in 
| V-A block after the third QRS complex. 
| The third P wave is probably a sinus- 
-initiated P wave. Conventions as in 
| Figure 2. ° 


| Cardia seen in Figure 2. Complete ret- 
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FIGURE 4. Patient 3. Control re- 
cording before treatment with ap- 
rindine. Initiation of paroxysmal 
supraventricular tachycardia in a 


ture right atrial stimulation at an in- 
terval of 330 msec initiated supra- 
ventricular tachycardia (top). Note 
that during retrograde atrial activa- 
tion, left atrial activation preceded 
high and low right atrial discharge. 
Atrial activation recorded in the 
distal coronary sinus (CS4) pre- 
ceded that recorded in the proximal 
coronary sinus (CS,) (inset, top 
right). No evidence of antegrade 
conduction over an accessory 
pathway occurred at any cycle 
length during pacing of the right or 
the left atrium. Right ventricular 
pacing at a constant cycle length of 
700 msec (bottom) initiated the 
same sequence of retrograde atrial 
activation as seen during the su- 
praventricular tachycardia, thus 
confirming the presence of retro- 
grade atrial activation over a 
“concealed” left lateral accessory 
pathway. Conventions as in Figure 


dosage to less than 150 mg/day resulted in two episodes 
of paroxysmal supraventricular tachy@ardia, he has 
continued to take 150 mg/day, preferring the fine 
tremor to a recurrence of paroxysmal supraventricular 
tachycardia. No patient has had jaundice or hematologic 
abnormalities. . 


Electrophysiologic Effects of Aprindine 


The ability of aprindine to totally prevent, hinder or 
facilitate induction of supraventricular tachycardia and 
the effect of the drug on the ventricular response during 
atrial flutter and atrial fibrillation may be explained by 
its electrophysiologic effects on refractoriness and 
conduction (Table II). 

Effective refractory period of atria and ventri- 
cles (Table II): Aprindine increased the effective re- 
fractory period of the atria (mean + standard error) 
from 211.4 + 25.4 to 265.7 + 30.5 msec (P <0.01) (paired 
t test) in Patients 1, 2, 4 to 7 and 9, increased the effec- 
tive refractory period of the right ventricle from 218.0 
+ 32.7 to 238 + 29.5 (P <0.01) in Patients 1, 4 to 6 and 
8 and decreased it from 260 to 250 msec in Patient 3. 
The increase in atrial refractoriness was a very consis- 
tent finding and can also account for the slower flutter 
rate in Patient 9. 

Effective refractory period of the accessory 
pathway (Table II): In the group of seven patients who 
exhibited antegrade conduction over an accessory 
pathway, aprindine administration in five patients 
(Cases 2, 4, 6, 8, and 9) resulted in complete antegrade 
block in the accessory pathway at all cycle lengths tested 

. (Fig. 2 and 3), prolongation of the antegrade effective 
refractory period in one patient (Case 7) and, based on 
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FIGURE 5. Patient 3. Complete retrograde block in both the normal and 
accessory pathways during treatment with aprindine (continuous re- 
cording). Right ventricular (RV) pacing at a cycle length of 700 msec 

revealed the presence of complete V-A retrograde block. The atria are 
under sinus control and are totally dissociated from ventricular activity. 


Although a high right atrial recording is not present, it is apparent that 
low right atrial activation preceded atrial activation recorded in the 
coronary sinus (CS). The atrial cycle length was relatively constant and, 
intermittently, the atria captured the ventricles to produce a normal QRS 


complex. Conventions as in Figure 2. 
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_ FIGURE 6. Patient 8. Before treatment with aprindine (top), the first 
_ premature right atrial stimulus delivered at a coupling interval of 250 
_ msec is conducted over the accessory pathway. The second premature 
_ right atrial stimulus, also delivered at a coupling interval of 250 msec, 
| blocked in antegrade fashion in the accessory pathway and initiated 
| supraventricular tachycardia, which occurred with a left bundle branch 
_ block contour. During the tachycardia, left atrial activation preceded 
_ low right atrial activation, which occurred slightly in advance of high 
_ right atrial depolarization. With aprindine therapy (bottom), a single 
_ premature right atrial stimulus at a coupling interval of 250 msec ini- 
_ tiated supraventricular tachycardia. Conventions as in Figure 2. 


_ the shortest R-R interval for Wolff-Parkinson-White 
_ syndrome beats, prolongation of the antegrade effective 
_refractory period in the patient with atrial fibrillation 
(Case 10). 
_ Among the patients whose retrograde effective re- 
_fractory period of the accessory pathway could be de- 
| termined before and during aprindine therapy, Patient 
| 4 (Fig. 2 and 3) and Patient 3 (Fig. 4 and 5) had com- 
' plete retrograde block in the accessory pathway, and 
_ Patients 2 and 5 had an increase in retrograde effective 
refractory period. Ventricular refractoriness limited 
_ determination of retrograde effective refractory period 
in three patients, but based on the shortest V1-Vo re- 
‘sponse, the retrograde effective refractory period 
‘probably did not change in two (Cases 7 and 8) and in- 
creased in one patient (Case 6). 
f Thus, aprindine produced complete antegrade block 
or lengthened the antegrade effective refractory period 
of the accessory pathway in all patients and produced 
Bomplete retrograde block or lengthened the retrograde 
effective refractory period of the accessory pathway in 
four of seven patients tested. The retrograde effective 
‘refractory period probably also lengthened in Patient 
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6. In Patients 7 and 8, whose retrograde effective re- 
fractory period did not lengthen, administration of 
aprindine facilitated induction of paroxysmal supra- 
ventricular tachycardia (Fig. 6). 2 

Minimal 1:1 cycle length (Table II): The shortest 
cycle length at which the atrial impulse conducted to the 
ventricles over the accessory pathway lengthened after 
administration of aprindine in all seven patients (Cases 
2, 4 and 6 to 10) who had exhibited antegrade conduc- 
tion over an accessory pathway before drug adminis- 
tration. The shortest cycle length at which the ven- 
tricular impulse conducted to the atrium over the ac- 
cessory pathway could be accurately assessed in four 
patients (Cases 3 to 5 and 8) and lengthened in each 
instance with administration of aprindine. 

In Patient 5, the ability for retrograde conduction 
over the accessory pathway varied during aprindine 
therapy. When conduction in the accessory pathway was 
relatively intact (the shortest ventricular cycle length 
conducting to the atrium over the accessory pathway 
was 360 msec), paroxysmal supraventricular tachycar- 
dia could be initiated. When the ability for conduction 
in the accessory pathway was diminished (the shortest 
ventricular cycle length conducting to the atrium over 
the accessory pathway was 510 msec), paroxysmal su- 
praventricular tachycardia could not be initiated. 

The shortest cycle length at which the atrial impulse 
conducted to the ventricles over the normal pathway 
could be accurately determined in five patients (Cases 
1, 3 to 5 and 7) and was lengthened in each instance by 
treatment with aprindine. 

These changes in refractoriness and conduction are 
consistent with the decreased ventricular response 
noted during atrial flutter and atrial fibrillation during 
administration of aprindine. 

Conduction times before and after administra- 
tion of aprindine: At the time of the second study, the 
following variables lengthened (determined at the same 
cycle length and during normal atrioventricular con- 
duction for both studies): A-H interval (mean + stan- 
dard error) from 63.3 + 9.3 to 89.2 + 16.3 msec (P 
<0.01) in Patients 1, 4 to 7 and 9; H-V interval from 45.8 
+ 5.8 to 58.3 + 9.8 msec (P <0.05) in Patients 1 and 3 to 
7, and QRS duration from 98.8 + 11.9 to 115.6 + 13.2 
msec (P <0.05) in Patients 1 to 8. The A-H interval 
decreased from 175 to 135 msec in Patient 3, who had 
received 160 mg of propranolol until 1 day before the 
first study. In the four patients (Cases 5 to 8) in whom 
paroxysmal supraventricular tachycardia could be ini- 
tiated in spite of aprindine therapy, and in whom con- 
duction during the paroxysmal supraventricular 
tachycardia was retrograde over the accessory pathway 
and antegrade over the normal pathway, the V-A in- 
terval, measured from the earliest onset of ventricular 
depolarization to the first rapid atrial deflection located 
on the same side as the accessory pathway, increased 
from 127.5 + 43.7 to 170 + 50.2 msec (P <0.05), indi- 
cating slowed conduction in the ventricle or accessory 
pathway, or both. These data are consistent with the 
increased cycle length of the paroxysmal supraven- 
tricular tachycardia from 320 + 42.4 to 380 + 46.9 msec ; 
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(P <0. 01) i in Patients 5 to 8, in response to administra- 
tionof aprindine. The range of ventricular cycle lengths 
during atrial fibrillation lengthened from 180-400 to 
360-700 msec in Patient 6, and from 330-430 to 600-750 
msec in Patient 10. Atrial fibrillation could not be in- 
duced in Patient 4. The ventricular cycle length during 
atrial flutter increased from 240 to 540 msec in Patient 
9. 


Discussion 


Therapy with conventional drugs available in the 
United States for patients who have supraventricular 
tachycardia associated with the Wolff-Parkinson-White 
syndrome is often unsuccessful. Because some of these 
patients are quite symptomatic and may even be at risk 
for sudden death,!® a surgical approach has been de- 
veloped to locate and ablate the accessory pathway. 
Rapid advances in the latter technique have produced 
very beneficial results.!7 However, when the accessory 
pathway is located in surgically inaccessible areas or in 
areas close to the His bundle, when multiple accessory 
pathways exist!® or when patients are poor surgical 
candidates, drug management may be preferable. Our 
results indicate that aprindine appears particularly 
efficacious in treating these supraventricular tachy- 
cardias associated with the Wolff-Parkinson-White 
syndrome, and we believe that this drug should be 
considered as a therapeutic alternative to surgery in 
such cases. Other new drugs such as amiodarone!*”? or 
ajmaline*’ may also be useful but are notyet available 
for clinical testing in the United States. 

Modes of action of aprindine: In a manner similar 
to amiodarone,2?! aprindine uniformly lengthened the 
refractory period or produced complete block in the 
accessory pathway in an antegrade direction but had a 
less consistent depressant effect on retrograde refrac- 
toriness in the bypass tract. By depressing antegrade 
conduction in the accessory pathway, as well as the 
normal pathway, aprindine offers excellent protection 
against rapid ventricular rates during atrial fibrillation 
or atrial flutter. Aprindine should also be quite effective 
in suppressing paroxysmal supraventricular tachycardia 
during which antegrade conduction occurs over the 
accessory pathway and retrograde conduction over the 
normal pathway. In patients who have paroxysmal su- 
praventricular tachycardia maintained by antegrade 
conduction over the normal pathway and retrograde 
conduction over the accessory pathway, aprindine may 
prevent the tachycardia if it produces complete retro- 
grade block or significantly lengthens retrograde re- 
fractoriness and impairs retrograde conduction in the 
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accessory pathway. If aprindine delays antegrade con- s : 
duction over the normal pathway and does not projong, _ 
or prolongs minimally, retrograde refractoriness if the 
accessory pathway, it may widen the echo zone during _ 
which paroxysmal supraventricular tachycardia can be 
initiated and make it more difficult to terminate the — 
tachycardia. This response occurred in Patients-7 and ; 
8 and forced us to discontinue aprindine therapy in _ 
these two patients. A similar observation was made in _ 
patients treated with amiodarone.” Qur remaining © 
patients with paroxysmal supraventricular tachycardia | 
(Case 1 to 6) had a very beneficial response. Aprindine | 
also suppresses premature atrial and ventricular ex- e 
trasystoles!-9 and may prevent initiation of supraven- 
tricular tachycardia in this fashion (Patient 2). = 
Significantly, some patients with Wolff- Parkinson- 








lation as well as paroxysmal supraventricular tachy- : 
cardia. Although digitalis may be quite beneficial for _ 
treating paroxysmal supraventricular tachycardia, — 
during which one of the pathways includes the normal k 


Guanes atrial fibrillation.24 Indeed, one should question - A 
whether digitalis alone is ever warranted to treat par- € 3 
oxysmal supraventricular tachycardia in these patients 

because of the possibility that atrial fibrillation may — 
develop at some time. A drug like aprindine, which 
lengthens the refractory period and conduction time in _ 
the accessory pathway as well as in the A-V node, should _ 


syndrome who experience atrial fibrillation or atrial | 
flutter. 

Side effects: These occurred during the period of 
initial administration and dose adjustment, except in 
Patient 3, who has a fine tremor of the hands. In previ- — 
ous studies with aprindine, neurologic side effects have _ 
been most prominent and were dose-related. Recently, — 
cholestatic jaundice and agranulocytosis were reported 
to occur in association with the use of aprindine.” — 
Jaundice and agranulocytosis did not occur in our group 
of patients. Because the therapeutic-toxic levels appear — 
fairly close, further studies are necessary to establish 
the benefit-to-risk ratio of aprindine. 
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_in both groups. These results show that prolonged physical training results 







Ten men aged 40 to 68 years with clinical manifestations of cardiovascular 
disease and who had participated for 2 to 59 months in a physical training K 
program for cardiac rehabilitation were studied. All 10 underwent mea- 
surements of maximal oxygen uptake and invasive studies of cardiac 
output, using the direct Fick method, at rest and at graded levels of ex- — 
ercise in the upright posture. Of four men who left the training program, 
three continued activities individually. Physiologic measurements were 
repeated after a lapse of 13 to 38 months (average 23 months). The rate | 
of change in maximal oxygen uptake relative to normal changes with aging 

was decelerated in four men over an average of 21.8 months and was 

accelerated in six men over an average of 23.2 months. At comparable 
oxygen requirements of exercise, stroke volume and cardiac output were 

unchanged in the former group but significantly decreased in the latter. — 
Arterial oxygen content and arteriovenous oxygen difference increased — 
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in physiologic adaptations of cardiac rehabilitation even though deterio- 
ration of cardiac function with advancing disease is probable in some 
patients. 
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In patients with cardiovascular disease, impairment of cardiac function 
is more readily apparent during the metabolic stress of exercise than 
during rest. In men with coronary heart disease, the primary mechanism — 
for reduction of cardiac output in response to exercise is a reduction in — 
stroke volume. With more advanced disease manifested by exertional 
chest pain, additional limitations are restricted chronotropic capacity 
(reduction in maximal heart rate) and inability to increase systemic 
arterial pressure.! Despite the increased need for circulatory delivery 
of oxygen imposed by exercise, exercise conditioning or physical training 
can initiate significant physiologic adaptations that are beneficial to — 
patients with coronary artery disease. Arteria} oxygen content and ar- 
teriovenous oxygen differences are increated during exertion, and 
functional aerobic capacity (on maximal oxygen uptake) is increased 
after 2 or 3 months of such training activities three times a week.” Con- 
comitantly, the aerobic requirements and, secondarily, the demands of 
heart rate and systolic pressure are somewhat reduced relative to an 
augmented functional capacity. 

These effects, which spare the ischemic or previously infarcted left 
ventricle, persist only if the training is continued indefinitely. Yet con- 
tinued training is not without risk because sudden cardiac arrest re- — 
quiring immediate defibrillation for survival occurs in about 1 in 6,000 — 
patient hours of training activities.* The effects of prolonged training | 
on cardiac function are not yet known. However, it may be relevant that — 
in one well conditioned young man the prolonged physical activity of — 
jogging across the United States was associated with a reduction in stroke i 
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volume at all levels of activity and with a compensatory 

_ erythrocytosis, or exertional hemoconcentration, 
without any change in oxygen transport or aerobic ca- 
pacity. Accordingly, the aerobic and hemodynamic 

responses observed longitudinally in the same physi- 
cally trained patients over about 2 years are the basis 

_ for this pilot study. 


i Material and Methods 


Subjects: To evaluate statistically the significance of 
_ changes in longitudinal differences in hemodynamic re- 
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FIGURE 1. Variations in longitudinal changes with 
age in maximal oxygen uptake (VOo max), OF 
functional aerobic capacity, in middle-aged healthy 
men in relation to usual levels of physical activity. 
Normally physically active men exhibit deceler- 
ated rates of decline; sedentary men show ac- 
celerated rates. The average rate of change with 
aging provides a basis for evaluation of the lon- 
gitudinal changes observed in ambulatory cardiac 
patients. 


sponses, all the exercise data from 10 men training at com- 
parable work loads were pooled and divided into two sets ac- 
cording to whether the observed changes in measured maxi- 
mal oxygen uptake per kilogram of body weight per year (for 
the elapsed time between the two invasive studies) accelerated 
or decelerated at more than the expected average normal rate 
of change with aging (Fig. 1). The normal rate averages —0.9 
ml/(kg X min) per year for healthy middle-aged men.5 On this 
basis, four men (Group D) showed a decelerated rate (—0.2 to 


+ 4.3 ml/[kg X min] per year) relative to normal standards for - 


aging, and six men (Group A) an accelerated rate (—1.4 to —4.7 
ml/[kg X min] per year). Two men (Case 1 and 2) in Group D 













a r 
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TABLE | 
_ Clinical Characteristics, Training Performance and Maximal Oxygen Uptake 
(A . 
a GroupD è s Group A | - 
Patient no. Ty Die +33 4 5 6 7 8 9 10° 
initial age (yr) 49 68 41 50 40 68 60 62 61 57 
Clinical Mi at HT, AF AP at 37, MI at 47, AP at 38 APat HT,AP AP,HT HT,M Mlat 
i diagnosis 47 at 67 MI at 38 AP at 49 CABG 64 at 57 at 53 at 58 55, 
(DM at 38 AP at 58 
i at 40) 
-First study 
_ Months of training 12 2 9 5 33 12 59 2 18 34 
before study 
Training level 10 4 : 4 8 Bike 10 rf < a 
achieved 
Percent 95 100 78 86 66 73 68 90 75 70 
attendance ~ 
Angina during No No No Yes No Yes No No No No 
į training sessions id 
_ Second study 
Months of training 13 13 34 27 24 30 28 16 16 25 
before study 
Percent 90 91 = 66 69 68 65 70 63 z 
et? attendance 
= Training level 10 5 : T 8 3 10 9 7-10 2 
achieved 
_ Angina during No No No No No Yes No No No No 
training 
sessions 
E Over-all training Î t > > | | > f i 
s performance 
Initial VOz max fe 28.9 25.7 26.8 34.5 35.1 27.1 36.6 27.8 36.1 24.3 
[kg X min]) 
= Rate of changein +43 +0.6 +0.4 70.2 —1.4 re EEE A —2.4 —3.1 —4.7t 
VO2 max/kg per yr 


* Records no longer available. 
t Unrelieved by nitroglycerin. 
AF = atrial fibrillation; AP = angina pectoris; CA 


i infarction; VO2 max = maximal oxygen uptake; Î = increase; | 
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= coronary arterial bypass grafting; DM = diabetes mellitus; HT = hypertension; MI = myocardial 
= decrease; —> = unchanged. 
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maintained an active status in Seattle’s Cardiopulmonary 
Research Institute (CAPRI) training program, one (Case 3) 
dropped out immediately after the first invasive study and 
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ascertain differences when a'gravitational shift in blood vol- 4 
ume altered left ventricular preload and during graded levels Jd 


of exercise on the treadmill to ascertain changes with inckeased _ 










another (Case 4) dropped out after 5 months. The CAPRI metabolic requirements, heart rate, eontractile force and left 
program combines serial multistage treadmill tests of symp- ventricular afterload. There were no adverse effects from these 
tom-limited exercise capacity with medically supervised invasive studies, which were performed on each occasion with j 
graded levels of physical activity (walking, calisthenics and, the informed consent of the patients. i 4 
when the subject is ready, jogging) for about 45 minutes per In accordance with prevailing CAPRI policies and with © 
session three times a week for 3 or more months, Subjects are standards of regional medical practice, coronary arteriography — 
admitted to the CAPRI medically supervised community and ventriculography were not performed unless the referring — 
programs after referral by individual physicians. Five men primary physician considered the patient a potential candi- 
in Group A (Cases 5, 6, 7, 8 and 9) also maintained an active date for surgical revascularization with aortocoronary bypass 
status in the training program, and one (Case 10), with the grafting. ; 
greatest impairment, dropped out after 8 months. Eleven Results < 
comparable levels of submaximal and near maximal exercise Classification of changes in functional aerobic 
eo as Group a and 16 such levels in Group A provided capacity: Physical, demographic and clinical charac- 
i M aia EES fsa maah genia a ipa ah teristics of 10 men with cardiovascular diseases who _ 
Oe ee ee: Manor WI participated in physical training for an average of 23 
an open circuit collection of expired air during the 3 to 5 ths h ‘n Table I. The data f th 
minutes just before symptom-limited exercise capacity was montas aro SROWE HIS AMASE np cee eee 
reached and before the catheters for each invasive study were are arranged in rank order of observed rate of change | 
inserted as previously described.” A Swan-Ganz catheter was in measured maximal oxygen uptake in relation to 3 
5 placed in the pulmonary artery by pressure-monitoring, and elapsed time between the two studies; accordingly, the — 
a Teflon® catheter was placed in either the brachial or the -first four constitute Group D (rate of change deceler- — 
radial artery for periodic pressure monitoring and simulta- ated more than expected from aging of healthy men) 4 
neous sampling of blood for measuring oxygen contents with and the last six constitute Group A (rate of change ac- 
a micro method.® With concomitant measurements of oxygen celerated more than expected from aging of healthy — 
oie nt eager a Output apies t At m direct Anis men). The men ranged from 40 to 68 years of age. Three — 
pae gi pr aul tartan nelle ea COE TPE TITE SPTUAC had hypertension, five had prior myocardial infarction _ 
output by the heart rate recorded in the electrocardiogram. d had nf toris includi e whosall 
The mean systemic pressure, heart rate, product of pressure and Seyen oan Seater CHU CINE CO oS ira 
and heart rate X 10-2, total pulmonary and systemic vascular condition had been alleviated with coronary bypass — 
resistance levels and ratios of mean systemig to mean pul- surgery. Prior experience in the CAPRI training pro- A 
monary arterial pressure were computed. Observations were gramê ranged from 2 to 59 months (average 7 months 
made at rest in both the supine and the upright posture to for Group D and 26 months for Group A), and the | 
4 
i 
TABLE Il 4 
Comparison of Aerobic and Hemodynamic Variables (mean + standard deviation) i 
Group D Group A x 
1st Study 2nd Study {st Study 2nd Study i 
` VO2 max VO2 max VO; max VO; max 4 
(liters/min) (liters/min) (liters/min) (liters/min) | 
(2.17 + 0.34) (2.29 + 0.23) (2.34 + 0.57) (2.03 + 0.66 a 
4 
At rest (sitting) (no. = 4*) (no. = 4*) (no. = 6) (no. = 6) 4 
VOz2 (ml/min) 353 + 81 313 + 77 312 + 60 305 + 44 f 
Percent VO; max 16.4 + 3.8 13.5 + 1.9 13.7 + 2.4 16.2 + 5.1 
Art O; (mi/dl) 19.3 £ 1.0 19.4 + 1.0 ° 20.0 + 1.3 20.3 + 0.9 H 
AV 02D (mi/liter) 70+ 12 73-+ 7 65+9 >s 77 + 10} 
Q (liters/min) 5.0 + 0.53 4.33 + 1.23 4.88 + 1.25 4.00 + 0.70t j 
. HR (beats/min) 78,49 73 +9 80 + 21 72+ 15 ‘Hf 
SV (ml) 65+9 58 + 10 67 + 35 60 + 13 A 
Psa (mm Hg) 1144 22 107 + 15 104 + 5 105 +7 ( 
Ppa (mm Hg) 1443 12+8 1144 103 y 
During exercise (upright) (no. = 11) no. = 11) (no. = 16) no. = 16) 
VOz (ml/min) 1702 + 503 1721 + 541 1721 + 597 1665 + 520 | 
Percent of VO max 77.9 + 18.3 74.9 + 21.1 71.0 + 16.9 80.6 + 17.88 > | 
Art O; (mi/dl) 19.7 + 0.9 20.7 + 0.88 20.5 + 0.9 21.3 + 0.9% j 
AV 02D (ml/liter) 136 + 20 144 + 13t 138 + 18 157 + 18 i 
Q (liters) 12.37 + 2.43 11.89 + 3.03 12.45 + 3.81 11.024 3.51 ` i 
HR (beats/min) 136 + 21 128 + 29t 132:-27 135 + 30 J 
SV (ml) 90 8 9145 95 + 25 82 + 18 4 
> Psa (mm Hg) 118 + 20 113 + 12 11747 11949 | 
Ppa (mm Hg) 32+ 10 VE ke Tb 24+ 13 28 + 10 A 
* Number too small for paired t testing. A 
t P <0.05; +P <0.01; SP <0.001. i! 
Art O, = arterial oxygen content; AV O,D = arterial-mixed venous oxygen difference; HR = heart rate; (no. = number of observations); max { 
= maximal oxygen uptake; Pp, = mean pulmonary arterial pressure; Ps, = mean systemic arterial pressure; Q = cardiac output; SV = stroke — 
* volume; VO; = oxygen uptake; VO2 = maximal oxygen uptake. ` | 
: ; 
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20 40 60 80 100 20 40 60 80 100 (percent of maximal heart rate [HRmax]) at the 
% VOZ max %V02 max various work loads studied in 10 patients. 

Group _D Group A. elapsed time between the two invasive studies ranged 

from 13 to 38 months with an approximate average of 

21.8 months for men in Group D and 23.2 months for 

Ae ae ; men in Group A. The average rate of change in maximal 

2 nale oxygen uptake averaged +1.3 ml/(kg X min) per year 

E! Ns pe eee in the four men in Group D and —2.7 ml/(kg X min) per 
Eo 'e gr year in the six men in Group A. 

o 5 5+ 8 SES EA Study Resting hemodynamics: Table II shows the mean 

o 7s RMS SAT values in the basic variables at rest initially and nearly 

2 years later for men in Groups D and A. A minor de- 

crease in resting heart rate, together with slight in- 

creases in arterial oxygen content and arteriovenous: 

ed spe pooo Ê? oxygen difference, occurred in both groups. The sig- 

S ¥ N EA be nificance of these observations could not be tested be- 

È i <4 cause of the small number of measurements ob- 

ou 8 tained. 

Exercise hemodynamics: Figure 2 shows the per- 
cent of maximal heart rate in each patient relative to 
percent of maximal oxygen uptake observed at each 

a pee oars Ge study during several levels of exercise. The distribution 

; mA Ki AS at, of values demonstrates that the relative work loads in- 
8 ea Nes clude those below, those within and those above the 
x pe amounts needed to achieve a physiologic adaptation to 
0 repeated stresses of exercise conditioning or physical 

g ORTE yA training. This amount has been defined as 57 to 78 

percent of maximal oxygen uptake and 70 to 85 percent 

¥ of maximal heart rate.? The difference in the intercepts 

100 of the regression equations for both groups was insig- 

90 p<0.001 nificant, and there was no significant difference in the 
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FIGURE 3. Differences in cardiac and peripheral responses to graded 


_ levels of exercise in the two groups of patients. Note the substantial 


decrease in stroke volume (SV) in the majority of patients in Group A 
with accelerated declines in weight-adjusted maximal oxygen uptake 
(VOz2). Art. = arterial; AVO2D = arteriovenous oxygen difference; HR, 
bpm = heart rate (beats/min); n = number of patients; NS = not sig- 
nificant; p = probability; Q = cardiac output. 





FIGURE 2. Relation of relative aerobic require- 
ments (percent of maximal oxygen uptake 
[VO>2 max]) for each patient to relative heart rate 


r=0.939 
n=68 


slopes. Furthermore, the relation was not altered in the 
follow-up studies of the same patients. 

Physiologic responses to three work loads of exercise 
are shown in Figure 3; the means for all three levels for 
the first and second studies are presented in Table II. 
The oxygen uptake for these combined work loads av- 
eraged 1.7 liters/min in both groups; this corresponded 
to 76 percent of the maximal oxygen uptake, or about 
5.3 times the resting uptake. 

There was no significant difference in the absolute 
aerobic requirements between the groups initially, and 
no difference within each group over the elapsed time 
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of nearly 2 years. Despite the similarities in aerobic re- 
quirements, there were significant differences in the 
hemodynamic changes with time within each group. 
The most significant change in Group D was an 11 
percent increase in arterial oxygen content (P <0.001), 
a 6 percent widening of arteriovenous oxygen difference, 
a slower heart rate with an insignificant decrease in 
cardiac output and a decrease in mean pulmonary ar- 
terial pressures. These changes are consistent with the 
established benefits of physical training of patients with 
coronary disease.” Because the training represented 
prolonged participation in two men (Cases 6 and 7) who 
adhered to the CAPRI program and to continued indi- 
vidual activities in the other two (Cases 5 and 9), the 
changes indicate that the benefits are not limited to the 
initial training period of about 3 months. Furthermore, 
none had experienced any clinical progression of heart 
disease to offset physiologic benefits. 

Among the six men in Group A, the most significant 
changes were an 11 percent decrease in cardiac output 
and a 14 percent increase in arteriovenous oxygen dif- 
ference. Thus the effect of the disease on maximal 
oxygen uptake was partly obscured by compensatory 
widening of the arteriovenous oxygen difference. Ar- 
terial oxygen content increased less in Group A than in 
Group D. The reduced cardiac output in Group A was 
due solely to a decrease in stroke volume because heart 
rate, despite prolonged physical training by five of the 
six men, showed a slight but insignificant increase. The 
reductions in stroke volume and cardiac output, which 
clearly suggest the adverse effects of progression in 
cardiac disease, were partly obscured by further pe- 
ripheral adaptations attributable to continued physical 
training. Yet only Patient 10, who had the greatest-de- 
crease in maximal oxygen uptake, had clinically ap- 
parent manifestations of disease and was unable to 
continue training. Indeed, coronary arteriography in 
this patient confirmed severe vascular disease and 
suggested that the prospects for benefit were too meager 
to justify the potential risk of surgery. Another patient 
(Case 10) left the program for a few months and then 
returned, despite apparent progression of symptoms. 
One patient (Case 5) had prior coronary bypass surgery, 
but his functional capacity nevertheless diminished 
after a protracted influenza-like illness. 


Discussion 


Objectives and benefits of physical training 
programs: Physical training, properly administered, 
effectively increases functional aerobic capacity, or 
maximal oxygen uptake, by peripheral or noncardiac 
adaptations and secondarily reduces the relative aerobic 
and circulatory demands of submaximal or ordinary 
exertion on the ischemic, infarcted or pressure-over- 
loaded left ventricle. Such benefits occur slowly after 
2 or 3 months in most but not all patients, require con- 
tinued participation to prevent subsequent decondi- 
tioning and loss of functional benefits, and entail risk 
of exertional cardiac arrest in rare instances.’ It is im- 
portant to assess objectively the extent of the patho- 
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physiologic benefits before the cost-effectiveness of — 
rehabilitation efforts can be assessed. The ultimate goal — 
is restoration of maximal possible function. Because 
cardiovascular disease impairs tardiac function, the — 
most important physiologic objective is to sustain the © 
output of the heart at critical requirements for aerobic — 
energy. For this purpose, exercise levels averaging 75 — 
percent of aerobic capacity are a realistic stress for — 
evaluating cardiac function. At this level stroke volume _ 
normally reaches its peak and then diminishes as heart — 
rate and oxygen uptake increase to their functional — 
limits.! At this level also most persons experience be E 
threshold for cardiorespiratory symptoms. K 

In this frame of reference, 4 of the 10 patients (Grouse 4 
D) who were restudied nearly 2 years after an initial — 
invasive exercise test showed a minor reduction in heart 
rate but not in stroke volume when maximal oxygen 
uptake, arterial oxygen content and arteriovenous | 
oxygen difference were significantly increased as a result — 
of peripheral or noncardiac adaptations to prolonged R.: 
physical training. Conversely, the majority (6) of the 10 E 


maximal oxygen uptake than expected for the incre- kE 
ment in aging because of a significant reduction in — 
cardiac output and stroke volume. Indeed, without the q 
significant increases in arterial oxygen content and ar- a 
teriovenous oxygen difference, the observed reduction 
in aerobic capacity would have been greater. Thus the 
six patients in Group A exhibited quantitative physio- — 
logic changes that were not clinically apparent in all, — 
because disease affecting cardiac function evidently — 
progressed. Even so, they still demonstrated partial 
benefits of peripheral adaptations to continued physical 
activities. 
It is conceivable, but not now demonstrable, that. 
within the first few months of physical training most — 
patients show physiologic improvement, but as training i 
continues its benefits are overridden by the progression l 
of disease and physiologic performance of exercise de- J 
teriorates. RE 4 
Possible limitations of study: There are obvious 4 


wet 


limitations in the material sampled and many differ- 
ences in the variables available for appraisal in a study 
of this type. The experimental design of repeating in- 4 
vasive studies involving direct Fick cardiac outputs at — 
graded levels of exercise in the upright posture makes _ 

it neither possible to attract flor.feasible to process large - 
numbers of patients. Access to large programs of reha- | 
bilitation is necessary to have enough patients willing 
to participate voluntarily on two or more occasions. 
With these constraints the data of even a few carofali ý: 
studied patients can provide some insights of value even © 
though the patients selected may not be representative — 
of all patients who participate in training programs. By | 
using serial measurements at comparable oxygen re- — 
quirements, and at 1 minute intervals, enough data can — 
be collected to justify statistical analysis for possible 
significance of differences observed. Finally, such pre- — 
liminary longitudinal feasibility pilot studies are es- 
sential before more critical questions can be asked and 
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_ large scale comprehensive and definitive studies for- 
- mulaġķed, justified for funding* and actually mounted. 
-In this context, significant differences were identified 
| in even this preliminary longitudinal study. 
Whereas useful data could be obtained more readily 
_ from noninvasive studies, accurate measurements of 
| cardiac output and stroke volume might not be 
| achieved. More important, the major occurrence of 
_ compensatory erythrocytosis and hemoconcentration 
during exertion, with adequate pulmonary function for 
normal arterial oxygen saturation, would be missed 
without accurate serial measurements of arterial oxygen 

content. This not only accounts for the widening of the 
_ arteriovenous oxygen difference, which characterizes 
_ one of the major peripheral adaptations to physical 
A training, but also indicates an increase in oxygen supply 
| to the ischemic heart. A simpler experimental design 
= could omit determination of maximal oxygen uptake 

_ longitudinally, but this omission would obscure the 

‘major peripheral adaptation and the evidence of a re- 
Be _ duction, secondarily, in relative aerobic and circulatory 
| requirements at submaximal effort, which represents 
E a modest but important decrease in demand on the 
__ ischemic heart. 
_ Changes in end-diastolic and end-systolic volumes 
` at all levels of exercise need to be defined before changes 
in left ventricular function can be more adequately 
described and interpreted. Unfortunately, it is not 
technically feasible or ethically reasonable to do so with 
direct invasive left ventricular angiographic methods 
during graded levels of exercise in the upright posture. 
Indirect attempts to define function by computer av- 
_eraging of the changes in systolic time intervals may 
_ show appropriate directional changes, but in our ex- 
perience (contrary to that of Sharma et al.!°) excessively 
high estimates of ejection fraction (derived from re- 
gression on preejection period and left ventricular 
_ ejection fraction!) under these conditions are quite 
E unrealistic for patients with coronary heart disease. 
_ Another approach, available only in selected patients 
_ who have cardiac surgery, is to monitor the changes in 
left ventricular volumes with cinefluorography of epi- 
cardial markers. !2 

Potential applications of noninvasive exercise 
_ measurements: The appraisal of changes in cardio- 
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* A research grant proposal to extend such studies has been formally 
reviewed and approved but not funded by the National Heart, Lung, and 
Blood Institute. 


oy. Bruce RA, Kusumi F, Niederberger M, et al: Cardiovascular 
mechanisms of functional aerobic impairment in patients with 
coronary heart disease. Circulation 49:696-702, 1974 

2. Detry J-MR, Rousseau M, Vandenbroucke G, et al: Increased 
arteriovenous oxygen difference after physical training in coronary 


i ET ae E! SE PEE 
Fe ee oS . BAP iaaa - fe 


ee 
ay, 


ETE 


oa) 


Ep eee Re TEE We ase NE 


vascular functional capacity in our study was based 
upon ‘invasively obtained physiologic variables, but it 
is quite possible to derive reasonable estimates from 
noninvasive exercise variables. With use of a simple 
nomogram,’ functional aerobic impairment can be de- 
rived from the duration of exercise with this standard- 
ized protocol for multistage treadmill testing of symp- 
tom-limited maximal exercise. The value for functional 
aerobic impairment represents the percent deviation 
from average normal maximal oxygen uptake, adjusted 
for a person’s age, sex and activity status. Subtracting 
this value from 100 percent gives the percent of normal 
maximal oxygen uptake. When this is remeasured at a 
later date, the change can be defined in direction and 
magnitude. 

With this definition of the integrated physiologic 
capacity, adjusted to appropriate peers, the changes or 
adaptations that may occur with rehabilitative pro- 
grams can be expressed as “improvement” or “deteri- 
oration” in functional cardiovascular status. When this 
status improves, the invasive study indicates that it is 
primarily a result of greater peripheral extraction of 
oxygen. When it diminishes, it is primarily a manifes- 
tation of further reduction in stroke volume and cardiac 
output at symptom-limited exercise. Thus, this tech- 
nique can be more generally applied with only the 
simplest noninvasive measurement of exercise capacity, 
the duration of exercise (with this particular protocol 
for exercise testing), and the use of a nomogram to de- 
rive the percent of average normal maximal oxygen 
uptake. 

Implications: On balance, rehabilitative programs 
can provide beneficial comprehensive palliative therapy; 
they cannot cure the underlying disease or abolish its 
natural history. They do enhance the quality of life for 
most patients and may eventually prolong self-satis- 
fying survival for many. They are not substitutes for 
other effective therapy, including coronary bypass 
surgery when it is clearly indicated, but they can sup- 
plement and extend the benefit of such treatment. Ac- 
cordingly, rehabilitation warrants more attention for 
the additional benefit that it confers on many pa- 
tients. 
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_ Prospective Cardiovascular Study 


The relation of preexisting hypertension to survival after myocardial in- 
farction is uncertain, but it has been examined primarily in studies with 
limited data on previous blood pressure values. Therefore in the Manitoba 
Study cohort, 3,983 men under observation since 1948, the last recorded 
blood pressure before the first myocardial infarction as well as the change 
in blood pressure from a measurement made 5 years previously was re- 
lated to survival after the infarction. 

With use of the life table method, progressively increasing values for 
systolic or diastolic blood pressure were found to be associated with 
worsening prognosis. Subjects with a systolic pressure of 140 mm Hg or 
greater or a diastolic pressure of 90 mm Hg or greater had a significantly 
(P <0.05) lower survival rate up to 10 years after myocardial infarction 
than subjects with lower blood pressure levels. Large (20 mm Hg or more) 
positive or negative changes in systolic blood pressure were associated 
with significantly (P <0.05) lower survival rates within 3 months of the 
infarction but not thereafter. 

To standardize the follow-up period, short-term mortality rates were 
based on data from patients under study for up to 1 month after myocardial 
infarction and long-term mortality rates on those from subjects under 
observation 1 month to 3 years after infarction. In multivariate analysis— 
after adjusting for the effect of age at infarction, previous evidence of 
angina pectoris or coronary insufficiency, previous episodes of left ven- 
tricular failure, transmural or nontransmural infarction and site (anterior 
or inferior) of transmural infarct—blood pressure was a significant (P 
<0.01) determinant of short-term mortality and was the only significant 
(P <0.01) predictor of long-term mortality. Also in multivariate analysis, 
a change in blood pressure over a 5 year interval was significantly (P 
<0.05) associated with short-term mortality. Thus, blood pressure level 
and the magnitude of change in pressure from previous values are two 
significant indicators of prognosis after acute myocardial infarction. 


The medical aphorism that accurate prognostication is more difficult 
than correct diagnosis aptly applies to myocardial infarction. To improve 
prognostic ability in this condition, many studies!—4 have evaluated 
individual factors for their utility in defining subgroups with different 
survival times.'~!4 In addition, multiple factors have also been considered 
together in constructing prognostic indexes!>-2! to improve prediction 
of survival. 

One factor that has received widespread attention as a possible pre- 
dictor of survival after infarction is preexisting hypertension, some 
studies'~° confirming and others®-!416-19 disputing its role. These dif- 
ferences may be partly related to the absence in most studies of data on 
blood pressure before the occurrence of infarction. 

In the Manitoba Study a cohort of 3,983 men have been observed since 
1948 with regular examinations including blood pressure measurements. 
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The data thus include records of blood pressure and its 
change over long periods of time prior to myocardial 
infarction. This report analyzes these data to determine 
whether blood pressure and its change before a first 
myocardial infarction influence survival after the 
event. 

Methods 


The details of the Manitoba Study have been reported 
previously.22-25 In summary, the cohort consists of 3,983 
subjects who, during World War II, were either pilots or pilots 
in training in the Royal Canadian Air Force or pilots licensed 
by the Department of Transport who had a routine electro- 
cardiogram performed in addition to the regular medical ex- 
amination. After release from the service, some continued to 
fly, but the majority found different occupations and are in 
all strata of society. From 1946 to 1948 contact was reestab- 
lished with the postwar survivors, and in July 1948 the study 
population was sealed. Earlier medical information and ex- 
aminations provided evidence that the survivors were without 
clinical manifestations of ischemic heart disease at the time 
the population was sealed. Since then, they have been followed 
up by annual mail contact and with medical examinations at 
intervals of at first 5 and later 3 years. Annual contact has been 
lost with only one person. 


Case Selection 


The criteria for diagnosis of ischemic heart disease and its 
incidence during the 26 year observation period from July 1, 
1948 (date the cohort was defined) until June 30, 1974 have 
been previously reported.?4 The mean age of cohort at the 
initial examination was 30.4 years. 

The patients with a first myocardial infarction analyzed 
in this report are those who (1) had a clinical event, thereby 
permitting identification of age at onset of infarction (cases 
of silent infarction were thus excluded), (2) had at least two 
blood pressure measurements before the infarction (a) the 
measurement obtained closest to and within 5 years ofthe 
infarction, and (b) a measurement obtained 5 years (no less 
than 3 or more than 7 years) before (a). A 5 year interval be- 
tween blood pressure measurements was selected because 
longer intervals have a weaker association with the incidence 
of ischemic heart disease,2° and (3) had at least 1 year of fol- 
low-up after the myocardial infarction (thus cases occurring 
after July 1, 1973 were excluded). 

These criteria were met by 164 men (only 4 were excluded 
because criteria 2 or 3 were not met). The first blood pressure 
measurement was made 1.4 + 0.1 years (mean + 1 standard 
error) before infarction and the second one was made 5.1 + 
0.1 years before the first. Transmural (146 cases) and non- 
transmural (18 cases) infarcts were considered together be- 
cause they have been reported to have similar short- and 
long-term prognoses.”°.27 This proved true when they were 
later differentiated. The transmural infarcts were grouped 
according to site using the traditional classification based on 
leads with Q waves. Eighty-one infarcts were classified as in- 
ferior (Q waves in leads II, III, avF with or without a Q wave 
in leads V; and Ve; 4 true posterior infarcts were included 
here), 58 infarcts as anterior (Q waves in some or all of leads 
V, to Ve) and 7 infarcts in other sites. 

The distribution of cases according to the time period in 
which they occurred is as follows: 1948 to 1954—11 cases; 1955 
to 1959—9 cases; 1960 to 1964—38 cases; 1965 to 1969—61 
cases and 1970 to 1973—45 cases. Because of the large number 
of cases in the later years and the desire to maximize the 
length of follow-up time, survival data up to July 1, 1976 were 
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Reports from physicians and hospitals, death certificates, 
information from relatives or executors of the estate and, 
whenever possible, autopsy findings constituted the data used 
to determine the cause of death. A death was classified as due 
to ischemic heart disease (1) if it occurred shortly after myo- 
cardial infarction, (2) was sudden,” or (3) two cardiologists 
and the subject’s physician agreed that the death was due to 
ischemic heart disease. j 

Men for whom antihypertensive medication had been 
prescribed were included in the analysis for several reasons: 
(1) their small numbers (less than 10 percent of the group), 
(2) problems in assessing reliability or compliance, and (3) the — 
desire to examine the relation of blood pressure to survival 
regardless of attempts to alter blood pressure. Information — 
about those groups prescribed antihypertensive medication — 
is provided when relevant. D 
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Data Analysis 


The life table method of Cutler and Ederer?8 was used _ 
because it has several advantages including the calcu- 
lation of cases lost to follow-up, a category that incor- — 
porates cases of death not due to ischemic heart disease. _ 
Thus the survival rate that would pertain if ischemic — 
heart disease were the only cause of death can be de- 4 
termined. The method of Mantel?’ was used to test j 
significance. 

In addition to blood pressure, several other factors 
reported to influence survival after myocardial in- 
farction were considered: age at infarction, previous | 
evidence of angina pectoris, coronary insufficiency or 
suspected infarction, previous episodes of left ventric- 
ular failure and site of transmural infarct. Because of 
the interrelation of these variables and the need to ex- 
amine blood pressure after adjusting for them, multi- 
variate statistical techniques were used. The multiple 
logistic function model was selected because it has be- 
come widely used in cardiovascular epidemiology, and, 
as pointed out by the Coronary Drug Project,?’ its re- 
sults are similar to those of the multiple linear regression 
model but it has the advantage of yielding estimates of 
risk that can be interpreted as probabilities. 

In the multiple logistic function model, the risk of — 
death (R) in the follow-up period is represented by the 
equation: 


= 1/[1 + exp — 
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(By +BiXi+------ +BXy) 
where Bo is the intercept, B; - - - - Bx are logistic func- — 
tion coefficients estimated from the data consisting of — 
survival status at a specific time’and measured levels for — 
k variables X; - - - - X, and exp is the exponential- 
natural logarithm. The actual values for continuous 
variables are used; a discrete variable such as previous 
angina pectoris or coronary insufficiency is assigned “1” 
if present and “0” if absent. The parameters of the lo- | 
gistic function were estimated using the discriminant — 
method.*° To determine the predictive strength of blood 
pressure, the “standardized relative risk” was calcu- 
lated.3! This is the approximate relative risk corre- 
sponding to a change in blood pressure by an amount 
equal to the standard deviation of the population. 5 
Because variations in length of follow-up after in- — 
farction are a potential source of bias,** et persons | 
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FIGURE 1. Survival curves after acute myocardial infarction according 
to age at infarction. The number of persons in each age group at diag- 


-nosis is indicated in parentheses. Among those aged 30 to 39 years 


none were lost to follow-up. Lost to follow-up include: for age 40 to 49 
years, one at 1 year and one at 2 to 3 years; for age 50 to 59 years, one 
at 1 year and one at 4 to 5 years; and for age 60 or more years, two at 
3 to 4 years. 
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YEARS AFTER M.I. 


_ FIGURE 2. Survival curves after acute myocardial infarction (M.I.) ac- 
_ cording to last systolic blood pressure before infarction. Number of 
persons lost to follow-up include: for systolic blood pressure 129 mm 


Hg or less, one at 4 to 5 years; for 130 to 139 and 140 to 149 mmHg, 


none; and for 150 mm Hg or more, two at 1 year, one at 2 to 3 years and 


two at 3 to 4 years. 
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FIGURE 3. Survival curves after myocardial infarction (M.I.) according 
to last diastolic blood pressure before infarction. Number of persons 
lost to follow-up were: for diastolic blood pressure 79 mm Hg or less, 
one at 4 to 5 years; for 80 to 89 mm Hg, two at 3 to 4 years; for 90 to 
99 mm Hg, one at 1 year; and for 100 mm Hg or more, one at 1 year and 
one at 2 to 3 years. 


under observation in a specific time period were ex- 
amined. Short-term survival was defined as death oc- 
curring within 1 month after infarction in order to be 
consistent with other studies.!:+511.14 For long-term 
survival a 3 year follow-up period was chosen in order 
to maximize the number of available cases. 

All deaths regardless of cause were considered in the 
logistic model. All deaths within 30 days were due to 
ischemic heart disease. Three of the 28 deaths within 
3 years were not due to ischemic heart disease; 1 was due 
to malignancy and 2 to an automobile accident in which 
the victim was the driver; in the latter cases it is possible 
that ischemic heart disease played a role. 


The survival curves for men classified according to 
age at myocardial infarction are shown in Figure 1.* 
The well recognized association of decreasing survival 
with increasing age is evident. The nature of survival 
curves for the men aged 30 to 39 years and in the later 
years for those aged 60 years or older is influenced by 
the small number of cases. 

Review of blood pressure values before infarction 
shows that the highest values for systolic (Fig. 2) and 
diastolic (Fig. 3) blood pressures were associated with 


* Tables corresponding to all survival curves are available from 
National Auxiliary Publications Service, NAPS document no. 03099, 
c/o Microfiche Publications, 440 Park Avenue South, New York, New 
York 10016. 
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TABLE ! 


Comparison of the Mean Values (+1 standard error of the 
mean) for Systolic Blood Pressure (SBP), Diastolic Blood 
Pressure (DBP), 5 Year Change (A) in Systolic and 
Diastolic Pressure in Those Subjects Dead or Alive at 30 
Days and 30 Days to 3 Years After Myocardial Infarction 


Short-Term Mortality Long-Term Mortality 
aths ive aths Alive 








Within 30 After 30 30 Days After 3 
Days Days to 3 Years Years 
of Onset of Onset From Onset From Onset 
SBP 144.3 + 6.1* 134.5 + 1.4 146.9 + 5.47 1329414 
(mm Hg) 
DBP 85.0 +42.7 84.3+0.8 92.6 + 2.9 83.2 + 0.8 
(mm Hg) 
A SBP —2.4 + 10.5 55415 139447* 4441.5 
(mm Hg) 
A DBP =4.2 £5.0 2.0410 7:8425% 1.3 £1.0 
(mm Hg) 
Age at 59.4 + 2.6t 50.6 +0.6 508412 50.5 + 0.6 
Infarct 
(yr) 
Cases 10 154 18 136 
(no.) 
*P <0.05. 
tP <0.01. 


the lowest curve of survival. Decreasing levels of blood 
pressure were associated with progressively increasing 
survival. The survival curve of subjects with a systolic 
blood pressure of 140 mm Hg or more or a diastolic 
pressure of 90 mm Hg or more were significantly dif- 
ferent (P <0.05) from those of subjects with lower blood 
pressure values for the first 6 years after infarction for 


-systolic and for the remainder of the follow-up period 


after the first year for diastolic pressure. 

Survival data for men classified according to the 
magnitude and direction of blood pressure change are 
shown in Figures 4 and 5 for systolic and diastolic blood 
pressure, respectively. For both blood pressures the 
worst prognosis was found for men with the largest 
positive or negative change: those with moderate 
changes had better survival rates. Those with a large 
positive or negative change had a significantly (P <0.05) 
worse prognosis within 3 months but not thereafter. 
Although the group with a large negative systolic blood 
pressure change had the worst survival rate after 6 years, 
their small number precluded meaningful analysis. Of 
all those with a negative blood pressure change only one 
man was known to have taken antihypertensive medi- 
cation before the two blood pressure measurements. 

The mean values for systolic and diastolic blood 
pressures and for 5 year change in both blood pressures 
is shown in Table I for men classified according to their 
short- and long-term survival status. Blood pressure was 
significantly higher (P <0.05) in those who died, the 
difference being most apparent in systolic blood pres- 
sure in the short term and in both blood pressures in the 
long term. Change in systolic and diastolic blood pres- 
sures was larger (P <0.05) in those with greater long- 
term mortality. Although not statistically significant, 
a negative change in blood pressure was found in men 
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FIGURE 4. Survival curves after myocardial infarction according to s, 
year change in systolic blood pressure. Number of persons lost to fol- | 
low-up were: for change in systolic blood pressure —20 or more mm — 


Hg, none; for —19 to —1 mm Hg, one at 3 to 4 years andoneat4to5 — 


years; for 0 to +19 mm Hg, one at 2 to 3 years; and for +20 mm Hg or ~ 
more, two at 1 year and one at 3 to 4 years. 
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FIGURE 5. Survival curves after myocardial infarction (M.|.) classified os : 


according to 5 year change in diastolic blood pressure. Number of 
persons lost to follow-up were: for change in diastolic blood pressure _ 


KA 


—10 mm Hg or more, one at 3 to 4 years and one at 4 to 5 years; for —9 


to —1 mm Hg, one at 2 to 3 years; 0 to +9 mm Hg, one at 1 year and | 
one at 3 to 4 years; and for +10 mm Hg or more, one at 1 year. 
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TABLE Il 


Clinigal and Blood Pressure Data on Subjects Who Died Within 30 Days of Infarction 
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Age at Site 

Infarct of SBP 5 Year A SBP 
(yr) Infarct (mm Hg) (mm Hg) 
60* Inferior 140 —62 
66 Anterior 124 —46 
64 .Inferior 136 12 
51 Anterior 120 —12 
49 Anterior 140 0 
52 Anterior 160 4 
54 Anterior 130 10 
59 Anterior 145 10 
64* Inferior 168 38 
75 Anterior 180 46 


Previous 
Evidence 
of Coronary 
Insufficiency 
DBP 5 Year A DBP or 
(mm Hg) (mm Hg) Angina Pectoris 
80 —30 Yes 
80 —30. Yes 
88 3 No 
80 =12 Yes 
90 10 No 
100 —10 No 
80 0 No 
92 7 No 
90 10 No 
70 10 Yes 





* Previous episode of left ventricular failure. 


A = change in blood pressure; DBP = diastolic blood pressure; SBP = systolic blood pressure. 


with an adverse short-term prognosis. Because of the 
small short-term mortality data base some details of the 


clinical and blood pressure status of these cases are 


shown in Table II. Large positive and negative blood 
pressure changes were frequent and in men with the 
latter changes were associated with “normotensive” 
values before infarction. 

In multivariate analysis, blood pressure was signif- 
icantly associated with an adverse short-term mortality 
rate after adjusting for the effect of other variables 
(Table III). The relative risks for systolic and diastolic 
pressures were in excess of 1 (3.1 and 2.1, respectively). 
This means that a 3 times greater short-term mortality 
rate would be expected among subjects whose systolic 
pressure differs by 1 standard deviation unit with sim- 
ilar values for all other variables. Change in systolic 
pressure and site of infarction were also significant 
factors. Of the 10 fatal infarcts, 7 were anterior and 3 


_ inferior. Only two persons had evidence of a preexisting 
_ episode of left ventricular failure, and both died within 


30 days of the infarction. One had a large positive and 


the other a large negative 5 year change in blood pres- 
sure. 

After adjusting for the effect of age at infarction, 
previous angina pectoris or coronary insufficiency, type 
of infarct (transmural or nontransmural), site of in- 
farction and blood pressure change, blood pressure was 
the best and only significant predictor of long-term 
mortality (Table III). The relative risk for blood pres- 
sure was 3.1 and 3.7 for systolic and diastolic pressure, 
respectively. 


Discussion 


Role of preexisting hypertension as a determi- 
nant of survival after acute myocardial infarction: 
This role is controversial. Many investigators® 1416-19 
have found that hypertension does not significantly 
alter the outcome of infarction. In these studies data 
collection started at the time of hospitalization for the 
acute event. Although precise information could be 
obtained for variables measured during the acute illness, 
lack of precise information about factors existing before 


TABLE Ill 
Coefficients for Multiple Logistic Function Relating Short-Term Survival After Myocardial Infarction to Several Clinical and 
Electrocardiographic Variables . 
ele All Deaths Within 30 Days All Deaths 30 Days to 3 Years 
of Onset of MI versus From Onset of MI versus 
All Alive After 30 Days All Alive After 3 Years 

BP used Systolic Diastolic Systolic Diastolic 
Last BP before MI 0.062957* 0.071206! 0.063975* 0.118996* 
5 Year BP Change —0.052962t —0.066217 —0.011551 —0.024113 
Age at Onset 0.140343* 0.156742* —0.023762 —0.001527 
Previous AP or Cl 0.230198 0.471299 —0.534803 —0.392661 
Type of infarct 1.323364 1.157738 —0.506991 —0.765069 
Site of Infarct 1.967485* 1.959321* 0.802205 0.721465 
Previous LV failure 18.868805* 19.700699* ae eer 
Intercept —23.481110 —21.791595 —9.482397 —11.863018 
no. of cases/no. of controls 10/144 17/127 

SPLOT 

t P <0.05. 

ł 0.05 <P <0.10. 

$ Transmural or nontransmural. 

AP = angina pectoris; BP = blood pressure; CI = coronary insufficiency; LV = left ventricular; MI = myocardial infarction. 
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the infarction is a potential source of error. Whether the 
subject had his blood pressure measured, whether it was 
available to the investigators, whether he was told or 
. remembered the results, in addition to differences in 
criteria for the definition of hypertension and its 
treatment, are all important sources of variability. 

Prospectively acquired blood pressure data before the 
event would minimize or eliminate these sources of bias. 
With such data the Manitoba Study showed that the 
higher the blood pressure before myocardial infarction 
the worse the short- and long-term prognoses. This 
observation is confirmed by other prospective studies.*° 
Preliminary reports of prospective studies in Fram- 
ingham?3 and Sweden* also found an association be- 
tween higher blood pressure and poor short-*4 and 
long-term survival rates.*? One conclusion is that when 
prospective blood pressure data are used, elevated blood 
pressure is an important determinant of survival after 
myocardial infarction. 

None of these other prospective studies adjusted for 
the effect of as many other preinfarction or infarction 
variables as the present study or considered long-term 
change in blood pressure. Multivariate statistical 
methods permit evaluation of the independent contri- 
bution of one factor after adjusting for the effect of 
others. This method has been widely used both in the 
acute phase and in long-term follow-up studies after 
myocardial infarction.!>-2! With use of this approach, 
our study showed the importance of blood pressure. The 
failure of other variables to be significantly associated 
with long-term prognosis does not mean that they are 
unimportant but rather that their effects may be ac- 
counted for by blood pressure.*° The same is true of the 
relation between change in blood pressure and long- 
term mortality. Change was significant in univariate 
analysis, but multivariate analysis revealed that the 
actual level to which the blood pressure changed was 
more important. 


Role of negative change in systolic pressure: The 
concept of change in blood pressure may account for the 
poor prognosis after infarction in some persons without 
elevated blood pressure. These persons may have had 
a decrease in pressure from previously elevated values. 
The observation that a negative change in systolic blood 
pressure has a significant association with an unfavor- 
able short-term prognosis is supported by the findings 
of Evans. He noted that during the last 2 years of life 
a significant but unexplained reduction in blood pres- 
sure occurred that was more apparent for systolic than 
diastolic pressure. The reason for this intriguing ob- 
servation is unknown, but speculation would include a 
deterioration of ventricular function as reflected by 
reduced stroke volume and thus systolic blood pressure. 
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The occurrence of myocardial infarction in this already _ 
compromised ventricle would result in increased mor- 
tality. 7 : 
Possible limitations of study: Several cautions are 
relevant. (1) Although there is concern that no cardio- _ 
vascular epidemiologic study is representative of the a 
general population,®” it must be remembered that the 
Manitoba Study cohort is a highly selected one. (2) A 
relatively small number of cases were available for — 
analysis despite the large number of persons under 
observation. (3) The low short-term mortality rate — 
should not be interpreted as showing a favorable prog- 
nosis for myocardial infarction. This is in part due tothe 
young age of many in this cohort at the time of infarc- 
tion. Furthermore, in a considerable number of men — 
sudden death was their first manifestation of ischemic 
heart disease.”4 (4) Collection of data at time of infarc- 
tion in order to utilize other prognostic indexes was | 
impossible. E 
Why is blood pressure an important prognostic 3 
predictor? The most important factors determining 
short-term prognosis after myocardial infarction are 
those occurring at the time of the infarct—the kind and 
severity of arrhythmias and conduction disturbances _ 
and the degree of impairment of left ventricular func- 
tion indicated by left ventricular failure and shock. _ 
These are in part dependent on the size of the infarct, _ 
which in turn is a function of the extent, severity and 
site of coronary atherosclerosis.*39 Similarly, long-term 
prognosis, which is dependent on many variables, may — 
be most strongly related to coronory atherosclerosis.404! — 
Thus, one possible explanation for the importance of 
blood pressure in predicting prognosis after myocardial 
infarction is that elevated blood pressure is associated 
with more extensive and severe coronary atherosclero- 

gis, 36:42,43 k 
The use of prospective blood pressure data highlights 
the value of blood pressure and its long-term changes — 
in the assessment of prognosis after myocardial in- — 
farction. A person’s elevated blood pressure not only _ 
predicts the likelihood of the occurrence of ischemic — 
heart disease, but also indicates that a myocardial in- 4 
a 


a 


t 


farction, should it occur, will be associated with an un- 
favorable prognosis. 
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Separate left ventricular and left atrial myxomas were detected e 
echocardiography in an asymptomatic young adult with a systolic murmur. a 
Successful surgical removal of both tumors was performed without- 
complications. The value of echocardiography in evaluating heart murmurs 
of uncertain origin is demonstrated by this unique case. x 






Myxomas of the heart are uncommon!; however, because of their severe | 
obstructive, embolic and constitutional complications,?~+ early diagnosis 
and treatment are essential. Multiple myxomas are extremely rare, and 
previous case reports have described biatrial tumors with or without right | 
ventricular myxoma. This report describes successful removal of separat 2 

left atrial and left ventricular myxomas diagnosed with echocardiography — 
in an asymptomatic woman. | 


Case Report 


This 24 year old single cocktail waitress presented to our emergency room in — 
late August 1975 for evaluation of a human bite. The superficial wound over the — 
lower biceps region of the left arm was treated with antibiotics. During the 
evaluation in the emergency room, a heart murmur was noted and the patient 
was referred to an internist (Dr. J. Palazola) for further evaluation. There was — 
no known history of a heart murmur. The patient had had past throat infections — 
with streptococcus for which she had been treated with penicillin, but she denied 
having had rheumatic or scarlet fever or any cardiovascular signs or symptoms. 
After complete evaluation by the internist, an echocardiogram was obtained and 
reviewed, and the patient was referred for cardiac consultation. “a 

Physical examination revealed an apparently healthy white woman. Blood | 
pressure was 125/80 mm Hg in both arms. The carotid pulses and venous pressure 4 
were normal. Cardiac examination revealed a normal apical impulse and normal - 
first and second heart sounds. A grade 2/6 systolic murmur, heard at the lower 
left sternal border, became louder after any type ofexercise or activity, and w. 
quite prominent in the standing position and with the Valsalva maneuver. The 
chest roentgenogram and electrocardiogram were normal. i 

Echocardiography revealed a mass in the left ventricular chamber, anterior 
to the anterior mitral leaflet; the mass was evident in systole and diastole (Fig. 
1), and a portion of it was noted in the aortic outflow region during systole 
compatible with superior tumor motion. When the transducer was directed su- 
periorly above the mitral valve region, a second mass was detected in the left 
atrium (Fig. 2), but no filling defect was seen in the aortic root above the aortic 
valve. On the basis of this information, the patient was hospitalized for cardiac 
catheterization. a 

The admitting laboratory evaluation revealed the following: hemoglobin 12 _ 
g, hematocrit 35 vol percent and white blood count 3,500/mm*. Blood chemistry 
values were normal. Results of thyroid function tests, including T3, T4 and TA 
were normal. Immunoelectrophoresis revealed an increase in the gamma M 3 
immunoglobulin of 220 mg/dl (normal 47 to 147 mg/dl), with normal gamma G3 
and gamma A immunoglobulins. Results of antinuclear antibody, RA latet 
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Bn and syphilis serologic tests were negative or non- 
| reactive. Two blood cultures were negative. 

_ Right heart catheterization and pulmonary angiography 
| were performed in September 1975. The right atrial, right 
_ ventricular, pulmonary arterial and pulmonary arterial wedge 
_ pressures were normal. After the right atrial pressure was 
G measured, contrast medium was injected, revealing no filling 
| defects. The remaining pressures and oxygen saturation levels 
_ were measured. A pulmonary angiogram, obtained with in- 
_ jection of 50 cc of Renografin-76® at 25 cc/sec, revealed normal 
. pulmonary vasculature. Levophase filming of the left atrium 
| revealed a filling defect (Fig. 3A), and the tumor appeared to 
fbe attached to the interatrial septum. A second large filling 
E 
& 


FIGURE 1. Echocardiogram. A tumor 
(T) can be seen in the left ventricular 
(LV) cavity interposed between the in- 
terventricular septum (IVS) and anterior 
mitral leaflet (AMV). PLVW = posterior 
left ventricular wall; PMV = posterior 
mitral valve leaflet; RV = right ventri- 
cle. 


defect, noted in the left ventricle (Fig. 3B), moved into the 
aortic outflow area during systole and returned to the mid- 
chamber of the left ventricle during diastole. It was estimated 
that the ventricular mass filled 32 percent of the left ven- 
tricular cavity. 

Surgical findings: Utilizing a vertical sternum splitting 
incision and extracorporeal circulation, a gelatinous ap- 
pearing, relatively transparent myxoma was removed from 
the left atrial side of the foramen ovalis. The latter structure 
measured approximately 2.5 cm in diameter. A small segment 
of interatrial septum was excised and the small septal defect 
repaired. The tumor in the left ventricular chamber was not 
easily visualized through the mitral valve and was attached 
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FIGURE 2. Echocardiogram. Tumor echoes (T) are prominently seen in the left atrial (LA) cavity. AV = aortic valve. 
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FIGURE 3. Pulmonary cineangiogram. A, levophase film showing the left atrial (small arrows) and left ventricular (large arrows) filling defects. — 
B, left anterior oblique view showing the left ventricular tumor (arrows). 


in the ventricle. The aorta was cross-clamped and opened 
obliquely, and portions of the left ventricular tumor were 
extracted through the aorta. The pedicle of the tumor was 
attached to the anterolateral papillary muscle and was tran- 
sected with a portion of the base of the papillary muscle. In- 
spection of the left ventricular and left atrial chambers re- 
vealed no additional tumor or residual material. 

Pathologic examination of the left atrial specimen revealed 
a 1.0 by 0.5 by 0.3 cm piece of myxomatous material attached 
by a fibrous pedicle to a small portion of the myocardium and 
endocardium. Small fragments of tannish myxoma from the 
left ventricle weighed 30 g. 

Postoperatively, there were no major complications, and 
the patient was dismissed 10 days after her operation. Eval- 
uation 1 month later revealed normal cardiovascular function. 
The patient was permitted to return to work. No heart mur- 
mur was present 9 months postoperatively. 


Discussion 


Clinical features: Our patient had no symptoms or 
signs of embolic, obstructive or constitutional compli- 
cations. The absence of these findings in a patient with 
proved ventricular myxoma is unusual. In 13 reported 
cases*16 of left ventricular myxoma, seven patients 
experienced embolic phenomena involving the brain, 
kidney, aorta, femoral artery and small peripheral ar- 

teries. Recurrence of significant embolic events was 
common. Seven of the 13 patients had cardiac ob- 
structive symptoms, including syncope, dyspnea, pal- 
pitations, chest pain and arrhythmia. Three patients 
experienced both embolic and obstructive symptoms. 
Four tumors were diagnosed at the time of cardiac 
catheterization, and four were found at autopsy. Three 
myxomas were discovered at thoractomy (one as an 
incidental finding in a patient with rheumatic heart 
disease, the second in a patient with recurrent periph- 
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eral emboli and known palpable heart tumor from prior 
thoracotomy and the third during surgery for suspected 
combined aortic stenosis and asymmetric septal hy- 
pertrophy). Two tumors were diagnosed from extracted 
peripheral embolic material. Two of the 13 left ven- 
tricular myxomas were discovered as incidental autopsy 
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findings. Eight of these patients underwent tumor re- — 
moval; two died from postoperative complications. — 
Danta and Williams, in their review of the seven cases — 


of left ventricular myxoma known up to 1969, noted that 


a consistently elevated sedimentation rate was found | 


in only one of the seven. 
Systemic embolism has been reported in 40 percent 


of patients with diagnosed left atrial myxoma.” Ob- — 
structive symptoms frequently appear with a large left _ 


Pee IPs 


atrial myxoma, but in rare instances such a myxoma can — 
be present with no clinical manifestations or compli- — 


cations.!? 


A variety of auscultatory findings accompany left — 
atrial and left ventricular myxomas. The murmur of left — 
heart myxoma often resemb?es that of hypertrophic © 


subaortic stenosis, mitral regurgitation or mitral ste- 


nosis. Careful assessment in our patient revealed a — 
systolic murmur with characteristics not entirely di- 
agnostic of any single structural abnormality. Echo- — 
cardiography later has revealed the correct diagnosis. — 

Echocardiography: The usefulness of echocardi- — 


ography in diagnosing atrial myxoma was established 


in this country by Shattenburg!® in 1968 and confirmed _ 
in subsequent reports.!9-2! In 1975, Levisman et al.?? 
reported the first left ventricular tumor (pedunculated — 
thrombus) to be diagnosed with echocardiography. — 


Their patient presented with multiple emboli to the 
brain, femoral artery and lower peripheral arteries. The 


tissue diagnosis was made at the time of open heart 
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; surgery. To our knowledge, our case of left ventricular 
_ myxoma is the first reported case diagnosed with 
_ echocardiography before surgery or death. We also be- 
_ lieve this to be the first reported case of separate left 
atrial and left ventricular myxomas diagnosed and 
_ treated in the same patient. Others”3-29 have reported 
- multiple-chambered myxomas but not in this combi- 
_ nation.The possible presence of multiple tumors re- 

_ quires a thorough evaluation of all heart chambers, and 

_ echocardiography as well as angiography is essential for 
_ a complete evaluation. 


Although we expect our patient to continue without 
symptoms or heart murmurs, recurrence of the tumor 
is possible. There are 10 reported cases of recurrent left 
atrial myxoma”? although there are no reports of re- 7 
current left ventricular myxoma to date. 

The morbidity and mortality associated with left 
heart myxoma is significant. This patient, although 
asymptomatic, was at high risk. Because of complete 
cardiac evaluation of her heart murmur after echocar- 
diography, she was spared complications of her disease 
that could have been disastrous. 
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Echocardiographic Features of Cor Triatriatum 























MARIO |. CANEDO, MD A patient is presented who had cor triatriatum documented with angiog- — 
MILTIADIS A. STEFADOUROS, MD, raphy and surgery. On echocardiographic study, an abnormal, dense linear a 
FACC echo on “sector scan” was consistently seen to traverse the left atrial 
MARTIN J. FRANK, MD, FACC cavity obliquely; the ends of the echo were attached to the posterior aortic — 
ip cali se FACC and lateral walls of the left atrium. In addition, high frequency oscillat ory J 
; ; : movements were evident in the echo of the posterior mitral cusp. Both — 


echocardiographic features disappeared promptly after successful re- - 
section of the intraatrial fibrinous membrane. This experience indicates 
è that in the presence of strong evidence of mitral stenosis, an unexpectedly 
normal mitral valve echogram should initiate a thorough echographic 
search for cor triatriatum, a treatable cardiac malformation whose di- 
agnosis can easily be missed on “routine” echocardiographic studies. 


Augusta, Georgia 


Cor triatriatum is a rare congenital cardiac abnormality.’ In its classic 
form it consists of a perforated fibromuscular septum or membrane that- 
divides the left atrial cavity into a superior chamber connected with the 
pulmonary veins and an inferior chamber connected with the left atrial 
appendage and communicating with the left ventricle through a normal 
mitral valve. The hemodynamic consequences and symptoms resemble 
those ọf mitral stenosis. Most of the reported cases of cor triatriatum 
have been diagnosed at autopsy? or at operation. Preoperative diagnosis 
has been made with invasive methods in a few cases*> and with echo- | 
cardiography in only seven.” This is a report on the echocardiographic 
features of cor triatriatum initially diagnosed with angiocardiography 
and subsequently documented at operation. ; 


Case Report % 


A 19 year old white youth was admitted to the Eugene Talmadge Memorial — 
Hospital on August 13, 1976 with a 1 year history of exertional fatigue and dy- 
spnea. He had been asymptomatic with normal exercise tolerance until the © 
previous year when he experienced fatigue, dyspnea and cough that increased 
progressively with exercise. In July 1976 he had frequent palpitations associated 
with rapid and marked increase in exertional fatigue and dyspnea. He was ad- 

$ mitted to another hospital where the electrocartliagram revealed atrial fibril- 
lation and right ventricular enlargement, the chest X-ray film revealed promi- 
nent Kerley B lines and pulmonary venous congestion and the echocardiographic 
study yielded normal findings. Cardiac catheterization on August 2, 1976 dis- 
closed normal left ventricular and aortic pressures, elevated right ventricular, 
pulmonary arterial and capillary “wedge” pressures and a consistent diastolic 
pressure gradient between the left ventricular and pulmonary “wedge” pressures 


with an end-diastolic value of 14 mm Hg (Table I). A cineangiogram revealed 


From the Section of Cardiology, Department normal left ventricular volume and performance; there was no mitral regurgi- 

eea Taa E or coe, tation. To visualize the left atrium, contrast medium was injected into the main 
phecte A 7 pulmonary artery and the levophase angiogram was filmed in the right anterior 

pugs: gla Manti Criptrecaivod: annary oblique projection (Fig. 1). A moving radiolucent membrane within the opacified — 


24, 1977; revised manuscript received March 3, 3 whe spy : z fi 
1977, accepted March 16, it left atrium divided it into a larger superior chamber connected with the pul- 


Address for reprints: Miltiadis A. Stefadouros, monary veins and a smaller inferior chamber connected with the appendage. 
MD, Department of Medicine, Medical College of The movement of the intraatrial membrane was of small amplitude and was — 
Georgia, Augusta, Georgia 30902. directed toward the mitral valve in diastole and away from it in systole. The 
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TABLE | 
Cardiac Catheterization Data 
Hemoglobin 
a Oxygen 
Pressure Saturation 
Site (mm Hg) (%) 
Main pulmonary artery 55/32 (41) 75 
aight ventricle 55/6 74 
Pulmonary capillary wedge (20) 99 
Left ventricle 105/6 96 
Aorta 105/75 (90) 96 


Figures in parentheses indicate mean pressure. 


emptying of the left atrium was delayed. On the basis of these 

findings the diagnosis of the cor triatriatum was made and the 

patient was referred to our hospital for surgical correction of 
_ this malformation. 

On admission, the patient was not breathless at rest. His 
pulse rate was 68/min and regular, blood pressure 100/70 mm 
Hg and respirations 20/min. The only abnormal physical 
finding was a soft (1/6) systolic ejection murmur. The elec- 
trocardiogram revealed normal sinus rhythm with frequent 
atrial premature beats and right ventricular enlargement. The 

_ chest X-ray film revealed Kerley B lines, prominent pulmo- 
_ nary veins and no cardiomegaly. 


Echocardiographic Study 


Echocardiographic study was carried out with the patient 
in the supine position and the transducer on the fourth or fifth 
left interspace parasternally (Fig. 2). During slow continuous 
scanning from the area of the aortic valve toward the mid 
portion of the left ventricle, the echocardiographic appearance 
of the aortic valve, mitral valve and heart chambers was nor- 
mal except for the presence of a thin but distinct abnormal 





echo traversing the left atrial cavity obliquely; this echo (la- 
beled S) was consistently and reproducibly seen during several 
attempts to establish its nature and was thought to originate 
from the intraatrial septum of a cor triatriatum. At the level 
of the aortic valve (position 1, Fig. 2) echo S was in close 
proximity to, or fused with, the posterior aortic wall echo. The 
distance between these two echoes progressively increased 
during slow transition from position 1 to position 2 and be- 
came maximal at the level of the anterior mitral cusp where 
echo S joined the posterior left atrial wall above the atrio- 
ventricular junction at a point labeled A (Fig. 2, top). Thus the 
left atrial cavity was separated by echo S into a posterior or 
upper chamber between echo S and the posterior left atrial 
wall, and an anterior or lower chamber between echo S and 
the echo of the anterior mitral cusp. Echo S exhibited a small 
amplitude motion with a total anteroposterior excursion 
varying from 4 to 15 mm according to the level at which the 
measurement was made. 

To study the pattern of movement of echo S, an echocar- 
diographic strip was obtained with the transducer temporarily 
held stationary for a few beats before the onset of a “sector 
scan” at a point marked X (Fig. 2, lower right). Thus, with the 
transducer pointed at a plane just beneath the aortic valve, 
echo S was seen to follow the anterior movement of the pos- 
terior aortic wall for the first two thirds of systole; but during 
the last third this anterior movement of echo S ceased or even 
reversed to a posterior direction while the posterior aortic wall 
was still moving anteriorly. In early diastole, echo S exhibited 
an abrupt anterior movement at about the same time that the 
mitral valve opened (solid arrow, bottom strip, Fig. 2). At that 
moment, echo S started a slow posterior movement lasting for 
the remainder of a normal diastole. However, when an ex- 
ceptionally long diastole followed a premature beat, this slow 
posterior movement of echo S ended well before the occur- 
rence of the next systole at the point shown by the broken 
arrow, so that for the last part of this long diastole echo S was 


FIGURE 1. Preoperative levophase angiocardio- 
gram after injection of contrast medium into the 
pulmonary artery, right anterior oblique view. The 
intraatrial septum appears as a linear filling defect 
(arrows) within the opacified left atrium. AO = 
aorta; LA = left atrium; LAA = left atrial append- 
age; LV = left ventricle; UC = upper chamber. 
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v from the area of the aortic valve (left) to the body of the left 4 
nd respiration tracing (R). Note the abnormal linear — 
into a posterior or upper chamber (UC) and an anterior or lower chamber 3 


from position 1, passed through position 2 and continued further down into the body of the left ventricle (LV). Ao = aortic root; IVS = interventricular: 
septum; O = orifice of the intraatrial septum; PV = pulmonary vein; RV = right ventricle; S = intraatrial septum. Lower right, echogram obtained 
from the fourth left interspace with the transducer pointed toward the aortic root and held stationary for the duration of the first three beats. At point — 
X the transducer is gradually tilted inferolaterally to record a sector scan. See text. LAW = left atrial wall. ; P 


a i 


FIGURE 3. Preoperative echogram obtained from position 

3 shown in the diagram of Figure 2. The echo (S) from the 

intraatrial septum appears between the anterior mitral 

valve leaflet (AML) and the posterior left atrial wall (LAW), 

thus separating the left atrial cavity into an upper (UC) and 
-a lower (LC) chamber. 
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horizontal and parallel to the posterior aortic and left atrial 
wall. 

A different appearance of echo S was obtained when the 
transducer was placed at the sternal end of the fifth left in- 
terspace and pointed in a superior and slightly medial direc- 
tion (position 3, Fig. 2); in the echogram obtained from this 


position (Fig. 3) echo S was seen as a discrete thin, dense echo 


located between the anterior mitral cusp and the posterior left 
atrial wall, thus dividing the left atrial cavity into two cham- 
bers. In echograms in which both mitral cusps were repre- 
sented (Fig. 4), the echo of the posterior cusp exhibited a high 
frequency fluttering movement throughout diastole, similar 
to that frequently observed on the anterior mitral cusp in 
patients with severe aortic regurgitation. This movement was 
attributed to the effect of the jet of blood flowing through the 


= small orifice of the abnormal intraatrial septum in close 


= 
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proximity to or actually hitting the posterior cusp. 

The patient underwent surgical excision of the intraatrial 
membrane on August 16, 1976. The membrane was about 1.5 
cm above the level of the mitral valve and had an eccentrically 
located round orifice of 0.8 to 1.0 cm? that was the sole com- 
munication between the superior and inferior chambers. 
Postoperative recovery was uneventful. 
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FIGURE 4. Mitral valve echogram. 
\ Left, preoperative. Note high fre- 
quency fluttering movement of the 
posterior mitral leaflet in diastole 
(arrows). Right, postoperative. The 
posterior mitral leaflet in diastole is 
normal (arrows). 


A “sector scan” echogram obtained on the fourth postop- 
erative day was normal in all respects except for the presence 
of a small pericardial effusion (Fig. 5). The patient was dis- 
charged 6 days later and has remained completely asymp- 
tomatic. 


Discussion 


Cor triatriatum is a serious congenital cardiac mal- 
formation that is amenable to surgical correction by 
excision of the abnormal intraatrial membrane. How- 
ever, the majority of reported cases have been diagnosed 
at autopsy and there are only a few cases in which di- 
agnosis was made either preoperatively? or at opera- 
tion. 

Echocardiographic diagnosis: To our knowledge, 
there are five reports involving seven patients in whom 
the diagnosis of cor triatriatum was made preoperatively 
with conventional M-mode®! or cross-sectional? 
echocardiography or both. In all seven cases the prin- 
cipal abnormality was the presence within the left atrial 
cavity of a moving dense linear echo located behind the 
normal anterior mitral leaflet or the posterior wall of the 


FIGURE 5. Postoperative sector 
scan. The abnormal echo from the 
intraatrial septum seen preopera- 
tively within the left atrial cavity is 
no longer present. The terminal third 
of the scan (right) is electronically 
dampened. 
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aortic root, depending on the level at which the ultra- 
sonic beam penetrated the heart. With the cross-sec- 
tidnal echocardiograms the abnormal membrane was 
seen as a process-like echo structure protruding into the 
left atrial cavity.9 

The echograms in the few reported cases of cor tri- 
atriatum®!° reveal significant differences among pa- 
tients in the pattern of movement of the abnormal in- 
traatrial echo. Because of these differences and the 
limited number of cases studied, no definitive echo- 
cardiographic criteria have been established for the 
differential diagnosis between cor triatriatum and the 
abnormal echoes seen in the left atrium in supravalvular 
ring,® total anomalous pulmonary venous connection,'! 
left atrial tumor!? or thrombus!? or in the absence of any 
abnormal echo-producing structure within the left 
atrium.!8 

Special echocardiographic features on sector 
scans: In addition to the presence within the left atrium 
of the abnormal septal echo, two echocardiographic 
features were observed in our case. The first was the 
attachment of both ends of abnormal echo to the op- 
posite left atrial walls. This feature was not observed in 
cases of cor triatriatum previously studied with M mode 
echocardiography®*!° but was seen in the two cases of 
Nimura et al.? studied with cross-sectional echography. 
The second feature was the presence of high frequency 
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diastolic oscillations exclusively on the posterior mitral _ 
leaflet echo and their disappearancé postoperatively. 
Although similar oscillations are common on.the ante- 
rior mitral cusp and less common on both mitral cusps 
or the upper part of the left side of the interventricular 
septum’ in patients with severe aortic regurgitation 
(unpublished observations), we have never cere 
them exclusively on the posterior mitral cusp in any — 
other patient with or without aortic regurgitation. The 
specificity of these two echocardiographic features re- 
mains to be established by echocardiógraphic studies 
of additional cases of cor triatriatum. 

In conclusion, we suggest that every effort be madal 
to establish or exclude the diagnosis of cor triatriat 
in all patients who appear to have mitral valve stenosi 
on the basis of clinical, electrocardiographic or roent 
genologic grounds but who have a normal echogram o 
the mitral valve. In comparison with the conventiona 
echograms obtained from one or more positions with a 
stationary transducer, “sector scans” represent a su- 
perior technique for the study of the echocardiographic 
anatomy of the left atrium and should be routinely used — 
in cases of clinically suspected cor triatriatum. 
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_ Idiopathic Enlargement of the Right Atrium 
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i JUN ASAYAMA, MD A huge saccular idiopathic dilatation of the right atrium was detected with 
| TOHRU MATSUURA, MD angiography and echocardiography in a 75 year old man. Cardiac cath- 
| NAOTO ENDO, MD eterization data were compared with data obtained 4 years earlier. Idio- 


_ HARUO MATSUKUBO, MD 
_ KEIZO FURUKAWA, MD 


right atrial enlargement. 


In 1961 Pastor and Forte! described three cases of isolated right atrial 
k enlargement that they termed idiopathic enlargement of the right atri- 
i um. This rare condition is generally considered a congenital anomaly. 
k In some cases,%3 pericardial tap has been performed because of a mis- 
K taken diagnosis of cardiac tamponade and thoracotomy for a mistakenly 
diagnosed mediastinal tumor. 
In this report we show that echocardiographic studies performed be- 
; fore invasive examination may be useful in determining whether an 
i abnormal cardiac silhouette indicates a dilated chamber and, addi- 
S tionally, whether the right atrium is dilated. We also present the results 
t of 4 year follow-up angiographic studies. 





pathic right atrial enlargement is not usually accompanied by tricuspid 
valve disease, but in this case tricuspid insufficiency did occur over a 
Kyoto, Japan period of 4 years, possibly as a complication in the late stage of. idiopathic 


Case Report 
3 : A 75 year old man was referred on October 10, 1976 because of nasal bleeding 
i . due to carcinoma of the larynx. About 10 years previously an abnormal cardiac 
è ure silhouette had been discovered by the patient’s personal physician and 4 years 


previously he was admitted to another hospital because of exertional and noc- 
turnal dyspnea and dependent edema. A pericardial tap was performed because 
Ms of pericardial effusion suspected because of an enlarged cardiac silhouette (Fig. 
i 1), distant heart sounds and low voltage electrocardiogram; pericardial fluid was 
not obtained. An isolated enlarged right atrium was shown in the angiocardio- 
grams (see Fig. 4A). Cardiac symptoms were relieved with digitalization. 

On examination, the blood pressure was 136/86 mm Hg, and the pulse was 
90 beats/min and irregular. A grade 5/6 regurgitant systolic murmur was audible 
at the lower left sternal border (Fig. 2). The jugular veins were moderately dis- 


"From the Second Department of Internal Medicine, 
| Kyoto Prefectural University of Medicine, Kyoto, 
| Japan. Manuscript received January 27, 1977; 


| revised manuscript received April 5, 1977, ac- tended. The liver was palpable approximately 3 cm below the right costal margin. 
cepted April 6, 1977. There was no pitting edema or ascites, 3 

| Address for reprints: Jun Asayama, MD, Second The electrocardiogram revealed atrial fibrillation, incomplete right bundle 
_ Department of Internal Medicine, Kyoto Prefectural branch block and low voltage. The chest X-ray film showed prominent cardiac 
_ University of Medicine, Kawaramachi-Hirokoji, enlargement to the right with a cardiothoracic ratio of 0.86 (Fig. 1). The jugular 
_ Kamigyo-ku, Kyoto 602, Japan. vein and liver pulsations showed prominent V waves (Fig. 2). 
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FIGURE 1 (left). Chest roentgenograms. Left, at age 71 years, showing an enlarged cardiac silhouette. Right, at age 75 years, showing increase F 


in cardiothoracic ratio from 0.81 to 0.86. 


FIGURE 2 (right). Simultaneous recordings of phonocardiogram, jugular (Jug.) venous pulse and liver pulsation. Predominent V waves, typical j 
of tricuspid insufficiency, are seen in both pulse tracings. A systolic murmur is recorded at the sixth interspace at the left sternal border. L, M and 
H indicate low, medium and high frequency phonocardiogram, respectively. ECG = electrocardiogram. y 


Echocardiographic findings: All echocardiograms were 
recorded with an Aloka SSD-90 echograph using a 2.25 me- 
gahertz transducer 10 mm in diameter. The tracings were 
recorded on a strip chart recorder at a speed of 50 mm/sec. 
Echocardiograms, obtained with the beam set in a medial and 
slightly superior direction through the right fifth intercostal 
space at the mid clavicular line, demonstrated an enlarged 
right atrium, aortic root and left atrium. As the transducer was 
angled slightly laterally, a larger right atrium as well as the 
interatrial septum and left atrium could be observed. When 
the transducer was tilted farther laterally, an enlarged right 
atrium, 116 mm in width, was demonstrated (Fig. 3A). 

The echocardiogram, obtained with the beam set straight 
through the left sixth intercostal space at the mid clavicular 
line, showed the right ventricle, interventricular septum and 
the anterior mitral valve leaflet. As the transducer was angled 
medially, the tricuspid valve with fine diastolic fluttering 
became evident (Fig. 3B). When the transducer was placed 
on the left fifth intercostal space at the sternal border, the 
diameter of the right ventricular outflow tract was found to 
be more than 30 mm, and the left atrium was also enlarged. 
The interventricular septum showed paradoxical movement 
(Fig. 3C). 

Cardiac catheterization: Four years before this admis- 
sion, the pressure data obtained in the right heart chambers 
were almost within normal limits. Now, a prominent V wave 
in the right atrial pressure curve and a moderately elevated 
pressure in the right side of the heart were observed. Blood 
oxygen saturation levels indicated no intracardiac shunts 
(Table I). Right atrial angiograms made 4 years earlier showed 
a huge right atrium that enlarged further in the ensuing years 
(Fig. 4). 


Discussion 


Abnormal enlargement of the right atrium occurs in 
many diseases such as atrial septal defect, anomalous 
pulmonary venous return, Ebstein’s anomaly and other 
lesions of the tricuspid valve, pulmonary stenosis and 
pulmonary hypertension. In 1961 Pastor and Forte? 
described three cases of enlarged right atrium without 
significant enlargement of other cardiac chambers or 
evidence of heart disease and termed this condition 
idiopathic enlargement of the right atrium. The con- 
dition is generally considered of congenital origin. 


4 
4 
Summer et al.4 proposed the following criteria for its © 
clinical diagnosis: (1) a right atrium disproportionately 
large when compared with the other cardiac chambers; 
and (2) absence, after systematic exclusion, of all car- 
diovascular lesions known to produce right atrial en- | 
largement. A 
In most of the reported cases* the patients were _ 
asymptomatic, but a few? had symptoms such as fa- 
tigue, palpitation, exertional dyspnea and syncope. The — 
enlarged atrium interposed between the heart and an- 
terior chest wall may result in distant heart sounds and 
a low voltage electrocardiogram.? Moderate right ven- 
tricular compression by the weight of the large volume 
of intraatrial blood may induce paradoxical pulse and 
low cardiac output.” In some cases, as in ours, pericaridal | 
tap has been carried out on the basis of a mistaken di- 
agnosis of cardiac tamponade. 1 
In our case, Ebstein’s anomaly’ was excluded because 
a tricuspid valve of normal size was located in the me- 
dian position from the mitral valve in the M mode 
echocardiogram. Cardiac tamponade was ruled out by 
the absence of a significant echo-free space. As men- 
tioned, tricuspid valve disease must be excluded in the 
diagnosis of idiopathic enlargement of the right atrium. 
However, in our case the recent appearance of tricuspid 
insufficiency was assessed from the existence of a 


| 
. | 





TABLE | j 
Cardiac Catheterization Data i 
1972 A eN | 
Pressure Pressure O; Saturation 
Site (mm Hg) (mm Hg) (%) i 
Pulmonary artery 24/10 38/14 66.6 
Right ventricle 28/4 38/6 66.6 
Right atrium 
Mean pressure 2 12 66.3 
V wave 4 17 
Superior vena cava Fa 65.2 
Inferior vena cava Rey * 73.0 
Femoral artery Re ae 87.6 
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_holosystolic murmur at the left sternal border, a 
_ prominent V wave in the jugular venous pulse and right 
atrial pressure curve, as well as from the enlargement 
_of the right ventricle and the paradoxical movement of 
_ the interventricular septum in the echocardiograms. 
' Echocardiographic identification of right atri- 
$ um: It is well known that echocardiography is very ef- 
| fective in differentiating an enlarged cardiac silhouette 
_in the chest X-ray film from a pericardial effusion. In 
cases showing an enlarged cardiac chamber in the 
echocardiogram, it is desirable to confirm the anatomic 
relation between the enlarged chamber and the aortic 











fan N 









FIGURE 3. M mode echocardiograms. A, scan from the aortic valve to the right 
atrium (RA). The aortic wall echoes disappear and the enlarged right atrium 
gradually increases to a width of 11.6 cm as the transducer is angled laterally. 
B, scan from the mitral to the tricuspid valve (TV) with the transducer tilted medially 
demonstrates the normal pattern of the mitral valve and the fine fluttering of the 
tricuspid valve in diastole. C, left ventricular echocardiogram showing paradoxical 
movement of the interventricular septum (IVS). AAO = anterior aortic wall; AMV 
= anterior mitral valve; IAS = interatrial septum; LA = left atrium; PAO = posterior 
aortic wall; PW = posterior wall; RV = right ventricle; TV = tricuspid valve. 


or pulmonary valve by tilting the transducer in various 
directions on the chest wall corresponding to the en- 
larged cardiac silhouette. In our case, when the trans- 
ducer was positioned at the right side of the chest wall, 
evidence of a large chamber, thought to be the aortic 
root, was elicited. The interventricular septal motion 
appeared to be paradoxical, and the diameter of the 
right ventricle was large. M mode echocardiograms 
clarified the anatomic relation between the greatly en- 
larged chamber, the aortic root and the position of the 
tricuspid valve. We concluded, therefore, that this large 
chamber was the right atrium. 
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Tricuspid insufficiency: In the postmortem find- 
ings reported by Tenckhoff et al.,2 the floor of the right 
atrium was abnormally flattened, particularly anterior 
to the tricuspid anulus, and formed a shelf. The tri- 
cuspid ring was normally placed and of normal size but 
was compressed anteroposteriorly to an elongated slit. 
The enlarged left portion of the right atrium may result 
from a heavier blood weight on this shelf, causing in- 
sufficiency of the tricuspid valve. The fine diastolic 
fluttering of the tricuspid valve in the echocardiograms 
may also be produced by the blood flowing through the 
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FIGURE 4. Right atriograms. A and B, at age 71 and 
75 years, respectively, in anteroposterior view, and 
C, at age 75, in lateral view, showing a severely en- 
larged right atrium (RA) becoming further enlarged 
after a 4 year interval. Ao = ascending aorta; C= 
position of catheter tip; IVC = inferior vena cava; RV 
= right ventricle; SVC = superior vena cava. 


deformed tricuspid valve. Tricuspid insufficiency may 
occur in the late stage of idiopathic enlargement of the 
right atrium and may induce further atrial enlarge- 
ment. 
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Two cases of Prinzmetal’s variant angina are presented in which coronary 
spasm was documented by electrocardiographic evidence obtained in 
the coronary care unit during provocative testing with ergonovine maleate 
after the arteriographic demonstration of anatomically normal coronary 
arteries. The rationale and risks of provocative testing for spasm in patients 
with chest pain and anatomically normal coronary arteries are reviewed. 
The advantages of performing provocative testing in the coronary care 
unit after arteriography rather than in the catheterization laboratory during 
coronary arteriography are discussed. 


Provocative testing to document myocardial ischemia has a long history. 
The anoxemia test used inhalation of 10 percent oxygen to elicit elec- 
trocardiographic changes in patients with “diminished coronary re- 
serve.” 1 More recently, the use of exercise testing in diagnosing classic 
Heberden’s angina has increased, and coronary arteriography has pro- 
vided the anatomic correlate for the majority of patients with resting 
or exercise-induced S-T segment abnormalities. In these studies, a group 
of patients with clinical angina pectoris and arteriographically docu- 
mented normal major coronary vessels has been identified.23 The size 
of the subset of patients in this group whose pain is caused by coronary 
arterial spasm is unknown. 

Recent reports have described the use of pharmacologic agents to 
provoke coronary arterial spasm during coronary arteriography in pa- 
tients with angina pectoris and normal coronary arteries. This type of 
testing has proved useful in identifying coronary spasm as the cause of 
chest pain in some patients with Prinzmetal’s variant angina. However, 
diagnosis has been complicated by the fact that coronary spasm occurs 
spontaneously during coronary arteriography in 1 to 3 percent of pa- 
tients.™1 The clinical implication of this type of induced spasm remains 
unclear, although in most cases the spasm appears to be a local response 
to mechanical irritation of the proximal coronary artery by the catheter 
rather than an indication of a clinically significant abnormality.191! 
When performed during coronary arteriography, provocative testing 
permits visualization of an evoked coronary spasm. However, occasions 
arise when such testing, although desirable, cannot be carried out during 
arteriography—for example, when drugs such as atropine or nitroglyc- 
erin that may reverse coronary spasm have been administered routinely 
before it is realized that the coronary arteries are normal, when a catheter 
causes damping of coronary arterial pressure and must be withdrawn 
quickly or when spontaneous spasm occurs. 

In the presence of angiographically demonstrated normal coronary 
arteries, the appearance of anginal pain and S-T segment changes upon 
administration of agents known to produce coronary spasm may be 
considered diagnostic of coronary spasm. Angiographic documentation 
of the spasm, although dramatic, may be difficult to accomplish because 
of the vasodilating effect of the contrast medium!? and may constitute 
an unnecessary risk. After the angiographic documentation of normal 
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FIGURE 1. Case 1. Electrocardiograms during provoca- 
tive testing. A, 9:55 AM; 0.2 mg of ergonovine maleate 
given. B, 10:05 AM; chest pain, 0.4 mg of nitroglycerin 
given. C, 10:10 AM; continuing pain, second degree A-V 
block. Another 0.4 mg of nitroglycerin and 0.8 mg of at- 
ropine given intravenously. D, 10:17 AM; pain relieved, 
electrocardiogram returned to control state. 
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coronary arteries, provocative testing for coronary 
spasm might þe carried out more appropriately in the 
coronary care unit, where more sophisticated safety 
procedures and multichannel electrocardiography are 
available. Furthermore, the absence of a catheter in the 
coronary artery eliminates the potentially confusing 
possibility of catheter-induced spasm. We emphasize 
that provocative testing should be done only after ar- 
teriographic demonstration of normal coronary arteries 
because only then does such testing become necessary 
for diagnosis. Provocative testing may be both unwise 
and unnecessary in the many patients with S-T eleva- 
tion during chest pain who have anatomic proximal 
stenosis with or without coronary spasm.7:!3 

Two cases are presented of coronary spasm provoked 
by the intravenous administration of ergonovine ma- 
leate in the coronary care unit. 


Case Reports 


Case 1 

A 43 year old woman, an electronics factory worker, was 
transferred to our coronary care unit for the evaluation of 
chest pain. She had a 6 month history of substernal chest pain 
radiating to the neck and both arms accompanied by dyspnea, 
diaphoresis and palpitations. These symptoms often occurred 
in relation to exertion, large meals or stress but most fre- 
quently occurred at night, waking her from sleep. After 2 
weeks of increasingly frequent pain culminating in two par- 
ticularly severe nocturnal episodes, she was admitted to an- 
other hospital so that the possibility of infarction could be 
ruled out. Electrocardiograms at that time showed only T 
wave inversion in V; and V>. The chest pain was recurrent and 
inconsistently relieved with nitroglycerin. Oral cholecysto- 
gram and upper gastrointestinal X-ray series were obtained; 
the latter showed hiatal hernia. After 1 week, an episode of 
chest pain occurred which was unrelieved with nitroglycerin, 
and an electrocardiogram showed T wave inversion in leads 
II, II, aVF and V; to Ve. Serum enzyme levels were normal 
and the patient was transferred to this hospital for coronary 
arteriography. 

Cardiac risk factors included untreated mild hypertension 
first noted 2 years earlier, a 100 pack-year smoking history and 
a positive family history of heart disease. Her mother died, 
allegedly of myocardial infarction, at age 44 years. Of nine 
siblings, one brother has chest pain and is to undergo coronary 
arteriography in Chicago. One sister died suddenly at age 23 
years and another sister died of rheumatic heart disease at age 
33 years. The patient had fasting serum cholesterol and tri- 
glyceride levels of 198 and 408 mg/100 ml, respectively. . 

Physical examination revealed an obese anxious woman. 
Blood pressure was 130/90 mm Hg, pulse 80/min and regular, 
height 160 cm and weight 79.2 kg. There were no xanthelas- 
mas, xanthomas, arcus cornea or retinopathy. Carotid up- 
strokes were normal without bruits. Cardiac examination 
revealed no abnormality except for an intermittent fourth 


- heart sound. 


Left ventriculography and coronary arteriography dis- 
closed a slightly elevated left ventricular end-diastolic pres- 


_ sure at rest (13 mm Hg) but normal contraction and normal 


ejection fraction (0.68). A minor spasm of a 1 cm segment of 
the right coronary artery 1 cm from its origin was accompanied 
by marked sinus bradycardia and the patient’s usual chest 
pain. The administration of nitroglycerin sublingually and 
atropine intravenously slowly reversed the spasm. There was 
no change in the monitored lead II electrocardiogram during 
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pain or spasm. The coronary arteries were otherwise nor- 
mal. : 

Ergonovine testing: On the following day, the patient was 
brought to the coronary care unit where she was placed on a 


cardiac monitor and an intravenous infusion started. The* ° 


resting electrocardiogram was normal (Fig. 1A). With Tho- 
razine®, atropine, nitroglycerin and phentolamine (Regitine®) 
available at the bedside, 0.2 mg of ergonovine maleate was 
administered intravenously. After 4 minutes, typical chest 
pain occurred with marked S-T elevation in leads II, III and 
aVF, depression in leads V; to V; (Fig. 1B) and transient A-V 
block (Fig. 1C). When nitroglycerin and atropine were ad- 
ministered, the pain stopped and the electrocardiogram re- 
turned to normal within 5 minutes (Fig. 1D). Because the 
follow-up electrocardiograms, plasma creatine kinase levels 
and MB fractions were all normal, myocardial infarction was 
ruled out. Propanthelene bromide and nitroglycerin ointment 
were prescribed and the patient was discharged. 


Case 2 


This 45 year old woman was admitted to Mount Au- 
burn Hospital for evaluation of chest pain of 6 months’ 
duration that was precipitated by emotion and occa- 
sionally occurred at-rest. She also complained of or- 
thopnea, occasional paroxysmal nocturnal dyspnea, 
dyspnea on exertion, palpitations and light-headed 
spells. She had a 24 pack-year smoking history, elevated 
serum triglycerides and a family history of coronary 
disease. A resting electrocardiogram showed T wave 
inversion in the precordial leads V; to V4; tracings 
during pain showed peaked T waves and S-T elevations 
anteriorly with premature ventricular contractions. Her 
angina was not relieved by propranolol (40 mg four 
times a day), long-acting nitrates or prophylactic ni- 
troglycerin. 

Physical examination and routine laboratory eval- 
uation including thyroid function tests revealed no 
abnormalities. Results of an exercise test given while the 
patient was taking antianginal medications were nor- 
mal. 

Cardiac catheterization revealed normal left ven- 
tricular contraction with an ejection fraction of 0.70 and 
normal coronary arteries. Left ventricular end-diastolic 
pressure was 12 mm Hg at rest and was unchanged 
during isometric hand exercise. Selective coronary ar- 
teriography without atropine or nitroglycerin pre- 
medication revealed normal left and right coronary 
vessels. No spontaneous spasm or chest pain occurred 
during the procedure. 

Ergonovine maleate testing: On the following day, 
the patient was taken to the coronary care unit where, 
using multiple lead electrocardiography and with at- 
ropine, nitroglycerin, phentolamine and lidocaine ready, 
she was given 0.2 mg of ergonovine maleate intrave- 
nously. The resting electrocardiogram was normal (Fig. 
2A). After 4 minutes, severe chest pain occurred, ac- 
companied by S-T elevation in the precordial leads (Fig. 
2B) and occasional premature ventricular beats (Fig. 
2C). Administration of nitroglycerin, 0.6 mg sub- 
lingually, produced remission of pain and electrocar- 
diographic abnormalities within 4 minutes (Fig. 2D). 
Follow-up electrocardiograms and serum enzyme levels 
were normal. The patient was discharged taking iso- 
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FIGURE 2. Case 2. Electrocardiograms during provoca- 
Ve tive testing. A, 10:45 AM; 0.2 mg of ergonovine maleate 
given. B, 10:50 AM; onset of chest pain. C, 10:52 AM; 
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troglycerin given. D, 11:00 AM; pain relieved, electro- 
- cardiogram returned to control state. 


October 1977 The American Journal of CARDIOLOGY Volume 40 627 j 


PROVOCATIVE TESTING FOR CORONARY SPASM—NELSON ET AL. 


sorbide, 5 mg sublingually every 4 hours, and 2 percent 
nitroglycerin ointment, 1 inch (2.54 cm) at bedtime. 


* Discussion 


Ergonovine maleate is an amine ergot alkaloid. Like 
other ergot alkaloids, it is a potent direct constrictor of 
smooth muscle, but unlike some ergot alkaloids, it does 
not act as an adrenergic blocking agent.!4 Ergonovine 
maleate has been reportedly administered to 57 patients 
including 13 with known Prinzmetal’s variant angina. 
All patients with variant angina, but none of the control 
subjects, showed characteristic S-T elevations, and 
coronary arterial spasm was demonstrated angio- 
graphically in all but one patient.** Ergotamine tartrate 
has also been administered without reported compli- 
cations to 40 patients with suspected variant angina, 
producing coronary spasm in eight. Thus, available 
data indicate that ergonovine maleate (and possibly also 
ergotamine tartrate) is a relatively sensitive and specific 
agent for provoking coronary spasm in patients with 
Prinzmetal’s variant angina and anatomically normal 
coronary arteries. However, since angina pectoris is a 
recognized side effect of ergot administration, questions 
about the safety as well as sensitivity and specificity of 
the use of ergot preparations in provoking coronary 
arterial spasm must be considered. 

Potential risks of provocative test: As with many 
tests designed to stimulate pathologic reactions, risk is 
inherent in the provocation of coronary spasm. The 
arrhythmias encountered in our two patients suggest 
that the complications of major spasm of a given vessel 


_are similar to the complications seen during acute oc- 


clusion of the same vessel. One episode of nonfatal 
ventricular tachycardia with ergonovine administration 
during coronary arteriography has been reported.® 
When provocative testing is performed during coronary 
arteriography, the risk of the test is increased by the 
small but definite risk of coronary arteriography alone, 
particularly if drugs commonly used as safety precau- 
tions, such as atropine or nitroglycerin, are withheld. A 
nonfatal myocardial infarction during coronary arteri- 
ography, thought to be caused by coronary spasm, has 
been reported.!> Furthermore, patients with clinically 
important coronary spasm may or may not be more 


‘prone than normal subjects to the development of 


spasm secondary to the mechanical stimulation of the 
coronary artery by a catheter. When such spasm does 
occur during coronary arteriography, its clinical import 


cannot be predicted. Finally, spontaneous coronary ° ` 


spasm carries its own risk. Patients with Prinzmetal’s 
variant angina are known to experience serious ar- 
rhythmias during attacks, in addition to incapacitating 
and often puzzling atypical pain.!6!7 A nonfatal myo- 
cardial infarction followed months later by sudden 
death has been reported in a patient with documented 
coronary spasm. }8 

Indications for testing: The frequency of coronary 
spasm in patients with myocardial infarction and an- 
giographically normal coronary arteries is not known. 
At present a diagnosis of coronary spasm in the absence 
of fixed coronary lesions favors the use of short- and 
long-acting nitrates in management. Propranolol, which 
has been shown to increase coronary vascular resistance, 
may be contraindicated,!° and therefore a pathophys- 
iologic diagnosis is desirable. The autonomic regulation 
of coronary vascular resistance in healthy and diseased 
states may be more complex than is presently recog- 
nized. Agents other than ergot have been shown to 
provoke coronary spasm.”° A variety of mechanisms 
causing coronary spasm, each with its own appropriate 
and specific therapy, may be uncovered by more ex- 
tensive provocative testing. Just as the patient with 
suspected Herberden’s angina pectoris and a normal 
resting electrocardiogram needs exercise testing as a 
logical step toward the diagnosis of his pain, so the pa- 
tient with chest pain and arteriographically normal 
coronary arteries needs pharmacologic provocative 
testing to provide a diagnosis and aid in management 
décisjons. 

That provoking coronary spasm carries risk appears 
certain. However, available evidence suggests that pa- 
tients with Prinzmetal’s variant angina are already 
subject to spontaneous risks.!8 When carried out in the 
coronary care unit with appropriate safety precautions, 
free of the potential additional complications of contrast 
injection and the possible confusion of catheter-induced 
spasm, provocative testing can take its place as a useful 
diagnostic tool for patients with angina pectoris and 
anatomically normal coronary arteries. 
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Plan to Attend 


The 27th Annual Scientific Session 
of the 

- American College of Cardiology 

March 6-9, 1978 Anaheim, Calif. 
x s 8 8 y 
“Preventive Aspects of Cardiovascular Medicine 
* Controversies in Cardiology * An Evening in Disneyland 
%* Core Curriculum * Young Investigator’s Award Competition 
* Reports of Original Investigation * Fireside Conferences 
%* Luncheon Panels * Ninth Annual Louis F. Bishop Lectureship 
%* Meet the Experts Sessions * Self Assessment Room 
* Convocation with Noted Speaker Followed by * More than 500 Technical and Scientific 
Dinner Dance Exhibits 
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folter Monitor re Competitive 
Give-Away Purchase Price 


FROM THE - ONE STOP - ONE CALL - 
QUALITY SCAN AND SUPPLY SERVICE ! 


Dear Doctor, 


With regard to your inquiry about oùr Holter Monitor give-away and 
purchase price - YES IT'S TRUE ! 


WE ARE GIVING IT AWAY - AND WE ARE 
SELLING IT AT THE MOST COMPETITIVE 
PRICE IN THE COUNTRY ! 


So, if you're going to do it, and now you really can afford to, 
DO IT NOW - AND DO IT RIGHT ! 


The two minute EKG is no longer enough....24 hours of two channel, quality 
ambulatory monitoring is a must for the progressive physician or medical 
facility. 


Let us help you. We'll give or sell you a recorder, tell you when,where and 
how to use it. If we scan for you we'll spoil you with service...EVEN TO JHE 
EXTENT OF DISPATCHING ANOTHER RECORDER IMMEDIATELY IN THE EVENT YOURS MAL- 
FUNCTIONS. Then you'll join our long and constantly growing list of happy 
clients who benefit from our slogan 


" YOU NEVER MISS ‘A DAY - WE NEVER MISS A BEAT " 


You've come this far, why not finish the page ? Just fill in the information 
we need and we'll send back the information you need. 


It may be just what the doctor ordered...so...do it... now ! 


Sincerely, 


GBS 


Dear CBS: ATES 





Sounds VERRY INTERRESTING! Go ahead - send information. 
Name 

Address 

City State Zip 

Hospital 

Phone ( ) 


S HAING INC 200 EAST ECKERSON ROAD Telephone 
\RDIO-BIONIC- CA z m SPRING VALLEY, N.Y. 10977 914-425-1838 


See us at the meeting in Miami at Booth C5 


-For7out of 10 patients, 
your present defibrillator _ 
may be powerful enough. 


But more important, fo 
3 out of 10 it may not be. 





Recent studies of de- 
orillation have disclosed 
me disquieting facts: **the 
ecess rate for defibrillation 
‘huntan adults is only about 
)% with defibrillators which 
‘liver 300 watt-seconds 
‘energy.’’* And *‘the prob- 
lity of defibrillating a sub- 
ct who weighs over 220 
yunds is extremely low. ’* 
aese studies have produced 
e following finding: *‘virtu- , 
ly all defibrillators now in 
e have inadequate output 
defibrillate many human 
Wilts... * 

Because of this, we 


‘veloped the Datascope M/D2J. A portable 
fibrillator capable of delivering not 300, or the 
idely available 320, but 460 watt-seconds of 
iergy. Fully 1/3 more energy than most any other 


table defibrillator made today. 


Which means,very simply, that you have 


ore capability when you need it. 


But the Datascope M/D2J doesn’t just de- 
rer more energy than other defibrillators. It tells 
yu more about what it’s delivering. 

It is the only defibrillator in the world that 


ads the current delivered 
‘the subject during de- 
wrillation. (Energy 
oduces current. But 
irrent is what produces 
IBRLLATION. CARDIAC DEFIBRILLATION 


NFERENCE, PURDUE UNIVERSITY, 
3. 121-7, OCT. ‘75. 














current is the truly meaning- 
ful measure.) It also reads 
selected delivered energy. 
And delivered energy into a 
built-in test load. And instead 
of test lights, or ready lights, 
all readings are precisely 
shown ona bright digital 
display. 

To this point, we’ ve 
been discussing the M/D2J 
as if it were merely a defibril- 
lator. Of course, it’s a mon- 
itor/defibrillator. The defib- 
rillator is an impressive part. 
But the other parts are equal- 
ly impressive. The M/D2J 
offers the finest non-fade monitor of any 
monitor/defibrillator inemergency medicine. 

And it offers the new Databank. The first 
cassette recording system in emergency medicine. 
An instrument that does away with the bulk of 
paper recording while allowing you to record not 
merely ECG, but also to record the detailed 
management of the patient verbally onto the tape. 

Which means that in addition to offering 
more energy, our system offers more capability 
than any monitor defibrillator i in the world. 

For more 
information on the 
new M/D2J, write: 
Datascope Corp., 


The new M|D2J 
with Databank. 





| 580 Winters Avenue, 
. Paramus, N.J. 07652.. À 


EA ary. PA Li a a i 


defibrillation. Whichiswhy 


a at 


"d 


i EOS Tle 


THE FINEST 
ELEGTRO/ PHONY 
CARDIOGRAPHS! 


FD-31P THREE CHANNEL SYSTEM 
ECG/PHONO/PULSE 


A three channel direct writing system for simulta- 
neous recording of three channel ECG or any 
combination of multi Phono/Pulse/ECG data. The 
system retains all the standard features of 3-chan- 
nel ECG with the added provisions of simultaneous 
Heart Sound, ECG and Pulse Wave recording. The 
FD-31P employs a special envelope detection 
method and includes the most advanced galva- 
nometer design providing optimum resolution of - 
diagnostic information. Electrical safety is attained 
by floating input amplifiers. 


$3950.00 







Mfr: Fukuda Denshi Ltd. 
Tokyo, Japan 
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FJC-7110 “MINI-EGG’ SERIES" PORTABLE, COMPACT, LIGHT- 
WEIGHT, MODULAR CONSTRUCTION, HIGH PERFORMANCE, 
_ EASY OPERATION. MEETS AHA SPECIFICATIONS’ 


AC Model 115/220V ac for line operation, $895.00 


DC Model battery operated, includes set of “D” cell 
batteries, $860.00 


AC/DC Model 115/220V ac and interchangeable “D” 
cell Battery Pack, $945.00 


OPTIONS: 5 3 

RBPP-1 Interchangéable rechargeable Battery Power 
Pack including built-in recharges, fits all models, 
$150.00 


*Models include all standard accessories. 





Other available products: 

m Two Channel Electrocardiograph (FD-20) m Two Channel Phono, ECG, or Pulse (DP-2S) 
m ECG Tape Cassette System (SFR-11) m Ambulance Monitor 

m Three Channel ECG (DU-3S) @ Monitor Oscilloscope (MS-10) 





Call or write for further information. 
MEDICAL SYSTEMS CORP. 


Dept A, 230 Middle Neck Raod, Great Neck, New York 11021e(516) 466-2000 
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polestipol hydrochloride 

















Adjunctive to diet 


lowers plasma cholesterol 
through nonsystemic action 


w 
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Colestid Mae? ro 
colestipal hydrochloride Crug a nonsystemic action 


afor primary hypercholesterolemia 

seffective long-term adjunct to diet 

=nonsystemic mode of action 

sOffers convenient bid. dosage Colestid is a high-molecular-weight, anion- 


; exchange copolymer. It consists of virtually 

i insoluble macromolecular beads, each containing 

approximately 10'° potential bile-acid-binding sites 

within its mesh structure. The average 5 Gm dose 

cone an estimated 1,250,000 macromolecular 
eads. 


Colestid Acts Only 
Within the Lumen of the GI Tract 
Colestid, a bile sequestrant, is virtually 
nonabsorbed. Most bile acids are normally 
reabsorbed; however, the partial removal of a small 
amount of bile acids from the enterohepatic 
circulation by Colestid increases hepatic 
production of bile acids from cholesterol. This 
. results in a decrease in the cholesterol-rich, 
low-density lipoproteins and thus a decrease in 
serum cholesterol. 
The most common adverse reactions to 
Colestid are confined to the gastrointestinal tract. 
Constipation is the major single complaint, and 
at times is severe and occasionally accompanied 
by fecal impaction. Hemorrhoids may be aggravated. 
Most instances of constipation are mild, transient, 
and controlled with standard treatment. 
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A small pool of bile acids, about 2 to 4 Gm, 
is cycled through the intestine several 
times daily, and only about 0.6 Gm is lost 
in the feces. With Colestid therapy (15 to 
30 Gm/day), the bile salt excretion is 
increased about 2 to 2V2 times. This 

leads to increased hepatic production 

of bile acids from cholesterol, thereby 
decreasing serum cholesterol levels. 





Colestid acts within the gastro- 
intestinal tract. Its macromolecular 
& beads bind bile acids in the 
intestine and form a complex that 


is excreted in the feces. 
_ ©1977 The Upjohn Company 
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Scope of Colestid Clinical Studies 


One hundred and forty-four investigators and over 
2,500 patients treated with Colestid (colestipol 
hydrochloride) participated in clinical trials of 
this new bile-sequestering agent. Thirty clinical 
studies helped to determine the efficacy, safety, 
and tolerance of Colestid in lowering serum 
cholesterol. 


Colestid Therapy Guidelines 


Colestid is indicated as adjunctive therapy to diet 
in the management of patients with elevated serum 
cholesterol due to primary hypercholesterolemia 
(elevated low-density lipoproteins). approximate contribution ot 

The beta-lipoprotein (or low- pods hairs len 
density lipoprotein) transports Subject, fasting state. 
most of the serum cholesterol, esas 
and it is believed that the fall in 
serum cholesterol with Colestid 
therapy is secondary to an 
increased clearance of the 
cholesterol-rich, low-density 
lipoprotein. 

The reduction of serum 
cholesterol levels is usual 
evident within one month. 
Colestid is discontinued, 
cholesterol levels usually return 
to baseline levels within one 
month. 

Colestid has been shown to 
have no effect on, or to increase, 
triglyceride levels. Failure of 
cholesterol to fall or a significant 
rise in the triglyceride level 
should be considered as 
indication to discontinue 0 
Colestid. 2 

It has not been established whether the drug- 
induced lowering of serum cholesterol or triglyceride 
levels has a beneficial effect, no effect, or a 
detrimental effect on the morbidity or mortality due 
to atherosclerosis including coronary heart disease. 
Investigations now in progress may yield an answer 
to this question. 


Chylomicrons 55% 
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Colestid Offers b.i.d. Convenience 


Colestid 10 Gm twice a day is usually effective and 
avoids the obstacle of midday dosage. In general, 
however, Colestid dosage may be adjusted to meet 
the cholesterol-lowering requirements of the 
individual patient. For adults, the recommended 
dosage range is 15 to 30 Gm per day, divided into 
two, three, or four doses. To avoid accidental 
inhalation or esophageal distress, Colestid should 
not be taken in its dry form. 
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Measure of Colestid Efficacy $ 
Average Cholesterol Reduction at15,20,and 30 Gm daily 





15 Gm/day 20 Gm/day 


30 Gm/day 
5 studies 


4 studies 








Total—103 Patients Total—151 Patients Total—73 Patients 


Colestid is recommended in doses of 15 to 30 Gm per day, 
administered in divided doses, two, three, or four times daily. 








Easy and Versatile 
Administration 

The small particle size and 
neutral taste of Colestid 
(colestipol hydrochloride) make 
ita readily acceptable adjunct to 
your patient's diet. For example, it 
may be taken conveniently with 
orange juice in the morning and 
with applesauce at night.Colestid ™ 
mixes easily with almost any liquid ~~ 

or pulpy fruit (such as milk, water, Y 
pineapple, applesauce, cereals, 

and soups). 

packets of 5 Gm (30 to a carton) or in bottles 
of 500 Gm (with calibrated measuring spoon). 


fruit juices, carbonated beverages, 
Colestid is available in measured-dose 


Drug Interactions ° 


Patients should take other drugs at least one hour 
before or four hours after Colestid to minimize 
possible interference with their absorption. 

Discontinuing Colestid could pose a hazard to 
health if a potentially toxic drug that is significantly 
bound to Colestid has been titrated to a maintenance 
level during Colestid therapy. Particular caution 
should be observed in digitalized patients, since 
there are conflicting results for the effect of Colestid 
on the absorption of digoxin and digitoxin. 


For a summary of prescribing information, please see last page 3 
of this advertisement.» «| 
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-~ Colestid 
! colestipol hydrochloride 


INDICATIONS AND USAGE Since no drug is innocuous, 
strict attention should be paid to the indications and con- 
_traindications, particularly when selecting drugs for chronic 
long-term use. 

< Colestid (colestipo!l hydrochloride) is indicated as ad- 
_junctive therapy to diet for the reduction of elevated serum 
‘cholesterol in patients with primary hypercholesterolemia 
| (elevated low-density lipoproteins). It has been shown that 
Solestid has no effect on, or may increase, triglyceride 
vels. 

It has not been established whether the drug-induced 
lowering of serum cholesterol or triglyceride levels has a 
beneficial effect, no effect, or a detrimental effect on 
morbidity or mortality due to atherosclerosis, including 
coronary heart disease. Investigations now in progress 
| may yield an answer to this question. 

_CONTRAINDICATIONS Colestid (colestipol hydrochloride) 

‘is contraindicated in individuals with hypersensitivity to 
| any of its components. 

WARNINGS TO AVOID ACCIDENTAL INHALATION OR 
‘ESOPHAGEAL DISTRESS, COLESTID SHOULD NOT BE 
TAKEN IN ITS DRY FORM. ALWAYS MIX COLESTID WITH 
| WATER OR OTHER FLUIDS BEFORE INGESTING. 
| PRECAUTIONS Before therapy with Colestid, a vigorous 
attempt should be made to contro! serum cholesterol with 
| diet and weight reduction; any underlying disorder should 
be treated. 

'Colestid may interfere with normal absorption and fat, 
| vitamins A, D, and K. Supplemental vitamins A and D should 

_be considered. 
| Colestid may be associated with hypoprothrombinemia 
| from vitamin K deficiency and can be prevented by admin- 
| istration of vitamin K1. 
| Serum cholesterol and triglyceride levels should be 
“monitored. Colestid may raise the serum triglycerides in 
long-term use and, in some patients, the cholesterol levels 
| return to baseline or rise above baseline. 

_ Colestid may produce or severely worsen preexisting 
‘constipation. Dosage should be decreased in these 
| patients, since impaction may occur. Particular effort should 
be made to avoid constipation in patients with symptomatic 
coronary artery disease. Constipation associated with 
'Colestid may aggravate hemorrhoids. 

Use in Pregnancy and Childhood The use of Colestid in 
{pregnancy or lactation or ‘by. women of childbearing age 
p uires that the potential Benefits of drug therapy be 
weighed against the possible hazards to the mother and 
child. The safe use of Colestid resin by pregnant women 
has not been established. Safety and effectiveness in 
| children have not been established. 

| DRUG INTERACTIONS Colestid may have a strong affinity 
‘for anions other than the bile acids. Colestid may delay or 
“reduce the absorption of concomitant oral medication. The 
‘interval between the administration of Colestid and any 
other medication should be as long as possible. Patients 
| should take other drugs at least one hour before or four 
“hours after Colestid. 

| In vitro Colestid binds a number of drugs. In vivo studies 

‘disclosed significant effects on drug availability for 
‘L-thyroxin and aspirin, and possibly for warfarin and 
‘nicotinic acid. Decreased serum tetracycline levels were 
observed in a Clinical study. 
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Lowers plasma cholesterol 
through a nonsystemic action 
adjunctive to diet 


In preliminary studies, drug availability did not appear to 
be significantly altered for phenobarbital, cortisone acetate, 
chlorpromazine, sulfadiazine, clofibrate, and hydrochloro- 
thiazide. Particular caution should be observed with digitalis 
preparations, since there are conflicting results for the effect 
of Colestid on the availability of digoxin and digitoxin. Dis- 
continuing Colestid could pose a hazard to health if a 
potentially toxic drug that is significantly bound to the resin 
has been titrated to a maintenance level while the patient 
was taking Colestid. 

ADVERSE REACTIONS 

1. Gastrointestinal The most common adverse reactions 
are gastrointestinal. Constipation, one patient in 10, is the 
major single complaint and at times is severe and oc- 
casionally accompanied by fecal impaction. Hemorrhoids 
may be aggravated. Some patients require decreased 
dosage or discontinuation of therapy. About one in 30 to 
one in 100 patients reported abdominal discomfort 
(abdominal pain and distention), belching, flatulence, 
nausea, vomiting, and diarrhea. Peptic ulceration, gastro- 
intestinal irritation and bleeding, cholecystitis, and 
cholelithiasis have been reported by fewer than one in 500 
patients and are not necessarily drug related. 

2. Hypersensitivity Urticaria and dermatitis were noted in 
fewer than one in 1,000 patients. Asthma and wheezing were 
not reported in the Colestid studies but have been noted 
during treatment with other cholesterol-lowering agents. 

3. Musculoskeletal Muscle and joint pains and arthritis 
have had a reported incidence of less than one in 1,000 
patients. 

4. Neurologic Headache and dizziness were noted in about 
one in 300 patients; anxiety, vertigo, and drowsiness were 
reported in fewer than one in 1,000. 

5. Miscellaneous Anorexia, fatigue, weakness, and short- 
ness of breath have been seen in 1 to 3 patients in 1,000. 
Transient and modest elevations of serum glutamic 
oxaloacetic transaminase and of alkaline phosphatase 
were observed in various patients treated with Colestid. 
Some patients had increased serum phosphorus and 
chloride with decreased sodium and potassium. 
OVERDOSE Overdosage of Colestid (colestipo!l hydro- 
chloride) has not been reported. Should overdosage occur, 
however, the chief potential harm would be 5 
obstruction of the gastrointestinal tract. 
HOW SUPPLIED Colestid (colestipol 
hydrochloride) is available in cartons 
of 30 packets and in bottles 
containing 500 grams of drug. 
Each packet or each level scoop 
supplies 5 grams of Colestid. ` 

Caution: Federal law prohibits 
dispensing without 
prescription. 

For additional information, | 
see your Upjohn represent- 
ative or consult package 
circular. 
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CARDIAC OUTPUT 
DYE DILUTION 
SYSTEM. 


Model DCR-702A 


Whether you use it for cath lab diagnostic procedures or 
for bedside trend determinations, you'll find the 
DCR-702A a valuable, complete system for obtaining 
cardiac output. The DCR-702A combines 
all of the following features in one UL-listed 

instrumentation package: 
Single push button balancing densitometer 
with two photocell system for maximum accuracy 
in all laboratory situations. 
lectronically calibrated computer with digital readout 
in liters per minute 
Innovative transducer design with light-emitting 
Hiodes—the heart of a unique optical measuring system. 
A quick-change, leak-proof blood channel 
simplifies cuvette maintenance. 
Non-invasive earpiece that can be worn by 
infants or adults for qualitative recording of dye curves. 
Hot stylus recorder with a 100mm+wide chart 
for simplified dye curve analysis. 


But the DCR-702A is only part of our complete line 
of cardiac output instrumentation. 
Write or call for complete information packet. 


And remember, we're known as “The Versatile Ones” 
because we manufacture instrumentation for all 
hree methods of obtaining cardiac output: thermal, fick, 
and dye—as well as a combination of dye and thermal. 
Demonstrations are available upon request. 


Enhancing Life through 
- Quality Instrumentation. 


W 


WATERS INSTRUMENTS INC 
AOENESTLA, MURNESOTA S9801. BAA 
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WATERS INSTRUMENTS, INC. 
P.O. Box 6117 
Rochester, Minnesota 55901 
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Free 30 Day Trial 


Four NEW Bin 
Audio Tape Programs”. ° 


ASCME Challenge: 
Cardiovascular Disease 


Cardiac Drugs — Parts | & Il (September '77 
Sidney Alexander, M.D. (Editor), with Michael Klein, M.D 


This up-to-the-minute review of the pharmacology of cardiac dis- 
ease focuses on antiarrhythmic agents in Part I, and on Cardiac 
Glycosides in Part II. Practical guidelines are presented for the use of 
Type | and Il, ‘‘slow-channel’’, and beta-adrenergic blocking agents, 
as well as the important cardiac glycosides. Each part of the series is 
complete in itself, and consists of an audio tape, plus a workbook 
containing learning objectives, self-test questions, and references 
Both tapes and workbooks are cased in an attractive vinyl binder. 


Two fifty-minute tapes/Two workbooks/Binder/$35 


Hypertension Management — Parts | & Il (September '77) 

Sidney Alexander, M.D. (Editor), with Donald Breslin, M.D 

Concise description of the office management of both simple and 
complex hypertension. Deals with the important questions of 
multiple-drug treatment, drug side-effects, patient compliance, drug 
resistant hypertension, special treatment of the depressed patient, 
and much more. A valuable addition to your library, complete with 
two audio tapes and two workbooks containing learning objectives, 
patient management examples, and references, in an attractive vinyl 
binder 


Two fifty-minute tapes/Two workbooks/Binder/$35 


First Release in the New ASCME Probe Series..... 


Office Use of Lung Function Tests (September '77) 
David W. Cugell, M.D., James Fish, M.D., and Norman Solliday, 
M.D 


A perfect introduction to the use of these valuable tests in the busy 
practicioner's office. Includes practical guidelines concerning which 
types of equipment to purchase, which tests are most useful (and 
how they are performed), when to refer patients for more complete 
testing, pitfalls to avoid in testing, plus a selected series of questions 
most often asked by physicians new to these tests. This audio tape 
is accompanied by a workbook containing objectives, self-test ques- 
tions, and references, all packed in a vinyl binder 


Fifty-minute audio tape/Workbook/Vinyl Binder/$20 


To Save Handling Cogs.... Send on Approval 


|_| $35 is enclosed for Cardiac Drugs ff | decide to keep the programs, | 
CJ $35 is enclosed for Hypertension e will 
[_] $20 is enclosed for Lung Function _® send a check for 
Tests |_| $38 for Cardiac Drugs 
0O $38 for Hypertension 
[_] $22 for Lung Function Tests 
If unsatisfied, | may return any program within 30 days without obligation 


Send to: AJC-10/77 
American Society of 

Continuing Medical Education 

P.O. Box 66454 

Air Mail Facility 

O'Hare, Illinois 60666 





Name 
Address 
City, State, Zip 
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the diuretic 
most likely to 
succeed. 


Itcan outperform the thiazides in sodium loss 


Lasix® (furosemide) has a greater potential for ridding the 
body of excess sodium and water than any other commonly 
used diuretic. A potential that has been realized in multiple 
comparative studies in patients with cardiac edema. 

That’s why Lasix is the diuretic most likely to succeed 
in all degrees of cardiac edema. 


it need not go beyond them in potassium loss 


With Lasix, the key to minimizing electrolyte disturbances is 
proper dosage. For if you control the cardiac patient’s urine 
output and edema by titrating the dosage, the result likely 
will be excretion of less potassium because Lasix produces 
a dilute urine. As with any diuretic, electrolyte depletion can 
occur during therapy with furosemide. Careful clinical and 
laboratory observations are recommended. 


And it often works where thiazides can't 


Unlike other commonly used diuretics, Lasix can be useful in 
patients with severely depressed renal function. Even in the 
presence of renal insufficiency with acidosis, alkalosis or 
hypoalbuminemia, Lasix has been found both effective and 
well tolerated. If increasing azotemia and oliguria occur dur- 
ing treatment of severe progressive renal disease, the drug 
should be discontinued. Lasix is contraindicated in anuria. 
(See next page for a brief summary of prescribing information.) 


The basic unit- The adjuster unit- 


for initial therapy. for maintenance therapy. 
40 mg tablets. 20 mg tablets. 


® 


ADA 
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A brief summary of the Prescribing Information for 
Lasix® (furosemide) Tablets 20 mg and 40 mg 


WARNIÑG—Lasix (furosemide) is a patent diuretic which if given in 


excessive amounts can lead to a profound diuresis with water and electro- 
lyte depletion. Therefore, careful medical supervision is required, and 

ose and dose schedule have to be adjusted to the individual patient’s 
needs. (See under “Dosage and Administration.”) 

Indications—Lasix (furosemide) is indicated for the treatment of the 
edema associated with congestive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syndrome. 

Hypertension—Lasix (furosemide) may be used for the treatment of 
hypertension alone or in combination with other antihypertensive drugs. 

ypertensive patients who cannot be adequatel controlled with thiazides 
yai probably also not be adequately controllable with Lasix (furosemide) 
alone. 
_ CONTRAINDICATIONS—Because animal reproductive studies have 
_ shown that Lasix (furosemide) may cause fetal abnormalities, the drug is 
contraindicated in women of childbearing potential. (See “Additional 
Information.”’) X 

Lasix (furosemide) is contraindicated in anuria. If increasing azotemia 
and oliguria occur during treatment of severe progressive renal disease, 
the drug should be discontinued. In hepatic coma and in states of electro- 
lyte depletion, therapy should not be instituted until the basic condition 
is improved or corrected, Lasix (furosemide) is contraindicated in patients 
with a history of hypersensitivity to this compound. 

__ Warnings—Excessive diuresis may result in dehydration and reduc- 
tion in blood volume, with circulatory collapse and with the possibility 
of vascular thrombosis and embolism, particularly in elderly patients. 
Excessive loss of potassium in patients receiving digitalis glycosides may 
precipitate digitalis toxicity. Care should also be exercised in patients re- 
ceiving potassium depleting steroids. 

Frequent serum electrolyte, COp and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 

In patients with hepatic cirrhosis and ascites, initiation of therapy 
with Lasix (furosemide) is best carried out in the hospital. Sudden altera- 
tions of fluid and electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is necessary durin 
the period of diuresis. Supplemental potassium chloride and, if required, 
an aldosterone antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 

Patients should be observed An bg for the possible occurrence of 
blood dyscrasias, liver damage, or ot! er idiosyncratic reactions. 

In those instances where potassium supplementation is required, an 
oral nania preparation should be used rather than enteric-coated potas- 

“sium salts. 

There have been several reports, published and unpublished, con- 
cerning nonspecific small-bowel lesions consisting of stenosis, with or 
without ulceration, associated with the administration of enteric-coated 
thiazides with potassium salts. These lesions may occur with enteric- 
coated potassium tablets alone or when they are used with nonenteric- 
coated thiazides, or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium 
salts, although lesions of this type also occur spontaneously. Therefore, 
coated Poasalunr containing formulations should be administered only 
when indicated and should be discontinued immediately if abdominal 
pain, distention, nausea, vomiting, or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix (furosemide). S iser j 

Precautions—As with any potent diuretic, electrolyte depletion may 
occur during therapy with Lasix (furosemide), especially in patients re- 
ceiving higher doses and a restricted salt intake. Electrolyte depletion 
may manifest itself by weakness, dizziness, lethargy, leg cramps, ano- 
rexia, vomiting, and/or mental confusion. . 

Asymptomatic hypefuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 
observed in associatione with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. s L 

When parenteral use of Lasix (furosemide) precedes its oral use, it 
should be kept in mind that cases of tinnitus and reversible hearing im- 
pairment have been reported. There have also been some reports of cases 
in which irreversible hearing impairment occurred. Usually, ototoxicity 
has been reported when Lasix (furosemide) was injected rapidly in pa- 
tients with severe impairment of renal function at doses exceeding sev- 
eral times the usual recommended dose and in whom other drugs known 
to be ototoxic were often given. If the physician elects to use high dose 
parenteral therapy in patients with severely impaired renal function, con- 
trolled intravenous infusion is advisable (for adults, it has been reported 
that an infusion rate not exceeding 4.mg Lasix [furosemide] per minute 
has been used), ' 2 y ‘ 

Increases in blood glucose, and alterations in glucose tolerance tests 
with abnormalities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes mellitus have 
been reported. i s 

Lasix (furosemide) may lower serum calcium levels, and rare cases 
of tetany have been reported. z z 

Patients receiving high doses of salicylates, in conjunction with Lasix 
(furosemide) may experience salicylate toxicity at lower doses because of 
competitive renai excretory sites. f 

Diuretics such as furosemide may enhance the nephrotoxicity of 
cephaloridine. Therefore, Lasix (furosemide) and cephaloridine should 
not be administered simultaneously. s 

Sulfonamide diuretics have been reported to decrease arterial respon- 
siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 
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tives to patients undergoing therapy with Lasix (furosemide), and it is 
advisable to discontinue Lasix (furosemide) for one week prior to any 
elective Roney: s 

Adverse Reactions—Various forms of dermatitis, including urticaria 
and rare forms of exfoliative dermatitis, erythema multiforme, pruritus, 
paresthesia; blurring of vision, postural hypotension, nausea, vomiting, or 

iarrhea. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with 
purpura). Rare cases of agranulocytosis which responded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli and acute pancreatitis. 

Lasix (furosemide)-induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle cramps, thirst, in- 
creased perspiration, urinary bladder spasm, and symptoms of urinary 
frequency. 

Prone creas Administration 


___ The usual adult dose of Lasix 
single dose. z 2 
If the diuretic response with a single dose of 20 to 80 mg is not satis- 
factory, the Peedi, schedule should be used: Increase this dose by in- 
crements of 20 or 40 mg not sooner than 6 to 8 hours after the previous 
dose until the desired diuretic effect has been obtained. This individually 
determined single dose should then be given once or twice daily. The dose 
of Lasix (furosemide) may be carefully titrated up to 600 mg per day in 
those patients with severe clinical edematous states. 

With doses exceeding 80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are particularly advisable. 

. Hypertension—The usual dose of Lasix (furosemide) is 40 mg twice 
daily both for initiation of therapy and for maintenance. Careful observa- 
tions for changes in blood pressure must be made when this compound is 
used with other antihypertensive drugs, especially during initial therapy. 
The dosage of other agents must be reduced by at least 50 percent as 
soon as Lasix (furosemide) is added to the regimen to prevent excessive 
drop in blood pressure. As the blood pressure falls under the potentiating 
effect of Lasix (furosemide), a further reduction in dosage, or even discon- 
tinuation, of other antihypertensive drugs may be necessary. It is further 
recommended, if 40 mg twice daily does not lead to a clinically satisfac- 
tory response, to add other hypotensive agents, e.g., reserpine, rather than 
to increase the dose of Lasix (furosemide). 

INFANTS AND CHILDREN 

Pediatric Administration: The usual initial dose of oral Lasix in infants 
and children is 2 mg/kg body wog given as a single dose. If the diuretic 
response is not satisfactory after the initial dose, dosage may be increased 
S41 or 2 mg/kg not sooner than 6 to 8 hours after the previous dose. 
Dosés greater than 6 me! kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should be 
adjusted to the minimum effective level. é ; 

How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 
round, monogrammed, scored tablets. S J 

Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 
grammed tablets. _ k 5 E 

Note: Dispense in dark containers. Exposure to light may cause slight 
discoloration which, however, does not alter potency. 

Additional Information 
Toxicology x 2 b s 3 

The acute toxicity of Lasix (furosemide) has been determined in mice, 
rats, and dogs. In all three animal species, the oral LDso of Lasix (furo- 
semide) exceeded 1000 mg/kg of body weight, while the intravenous LDso 
ranged from 300 to 680 mg/kg. Intragastric injection of the drug in new- 
born rats resulted in an LDso of 380 mg/kg. 

The acute toxicity of high doses of Lasix (furosemide) was character- 
ized by Ree tes paralys es and collapse. TANNE animals often be- 
came dehydrated and depleted of electrolytes due to the diuresis induced 
by Lasix (furosemide). In the newborn rats, intragastric injection of the 
drug caused hyperactivity and anorexia. M 

Chronic toxicity studies with Lasix (furosemide) were done in rats 
and dogs. In a one-year study in rats, renal tubular degeneration occurred, 
with all doses higher than 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per days. A six-month study in dogs revealed cal- 
cification and scarring of the renal parenchyma at all doses above 10 
mg/kg (83 percent of the maximal recommended human dose of 600 mg 
per day). 

Reproductive Studies 

The effects of Lasix (furosemide) on embryonic and fetal develop- 
ment and on pregnant dams were studied in mice, rats, and rabbits. 

Lasix (furosemide) caused unexplained maternal deaths and abor- 
tions in the rabbit when 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day) was administered between days 12 to 17 
of gestation. In a previous study the lowest dose of only 25 mg/kg (2 times 
the maximal recommended human dose of 600 mg per day) caused ma- 
ternal deaths and abortions. In a third study, none of the regnant rabbits 
survived a dose of 100 mg/kg. Data from the above studies indicate fetal 
lethality which can precede maternal deaths. r N 

The results of the mouse study and one of the three rabbit studies 
also showed an increased incidence of nyaron phrogis (distention of the 
renal pelvis and, in some cases, of the ureters) in fetuses derived from 
treated dams as compared to the incidence in fetuses from the control 
group. 
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Philips 
Computerized X-rd 
Generator Guarantees 
Optimum Technique 
for Every Exposure! 





— \ PHILIPS Optimus M200: 


the ultimate clinical application of cofnputer technology 





. 
PHILIPS 


© 


The Computer: Medical Language, Medical Results 
Consider computer technology completely dedicated 
to cardiovascular diagnostics...micro-circuitry that 
thinks and operates in your language according to 
your parameters and your procedure needs. Consider 
technology advanced to a degree that guarantees the 
perfect exposure for every run on every patient, re- 
gardless of age, size or weight. Thisis the OPTIMUS. 


Full automation makes such accuracy simple for you. 
A range of programs covering every examination 
technique is built into the generator at installation. You 
select the medical parameters for each program. For 
examination, simply turn on the generator and press 
one button for the program you want. The OPTIMUS 
does the rest. 


Patient Measuring Shots: Your Instant Preview 
Automatically (in 5 milliseconds), the OPTIMUS 
measures the absorption characteristics of the pa- 
tient and then the computer selects the exact factors 
for an ideal exposure. Factors are selected in discrete 
mA/kV steps. Your technique is always the highest 
mA and the lowest kV. 


In a fraction of a second, all other technical param- 
eters are calculated and set by the generator. You're 
insured perfect results before the cine run starts. 
The measuring shots can be engaged at any time to 
determine optimum technique for any projection. 


Measuring shots drastically reduce the radiation dose 
required by less automated systems to determine 
technique factors. In the time equivalent to one cine 
frame, you know exactly what the results will be. 


Procedure interruptions due to factor adjustmentou? 
“trial and error test shots”are eliminated. You and the 
technician devote minimum attention to technique 
selection and maximum attention to your patient. 


A New Standard of Image Quality 

The OPTIMUS’ high output permits short exposures 
with low tube iensions. As a result, images are rich in 
contrast and detail. Low kV lets you visualize ex- 
tremely small vessels with unprecedented ease. And 
not only are geometric unsharpness and motion un- 
sharpness both minimized, but the OPTIMUS automat- 
ically weighs one against the other in selecting the 
technique which optimizes image quality. 


From Maximum to Minimum Instantly 

The OPTIMUS’ secondary tetrode system switches 
exposures on and off and also regulates the kVp level. 
Now it's possible to change technique from maximum 
to minimum instantly. This is the same basic concept 
Philips’ cine pulse has used successfully for the past 
twenty years! 


Full Generator Use 

More than any other system on the market, the 
OPTIMUS gives you the full capability of a generator. 
Over 100 hospitals throughout the world are enjoying 
that OPTIMUS capability right now! It's the product 
of all Philips’ experience in both generators and com- 
puter technology...the logical result of progress from 
Philips’ cine pulse to automated Modular Genera- 
tors to Anatomically Programmed Radiography. The 
OPTIMUS: it's the most logical choice for you, too. 


PHILIPS’ 


® TMN. Philips of Holland 






Press one 
button for 
optimum 
technique 
for every 
exposure. 


A built-in 

memory lets you 
change technique 
and return to 

the initial program 
with no operator 
changes — for 
every patient! £ 





Secondary tetrodes — 
another first from 
Philips... 

20 years ago! 


The OPTIMUS: 
computerized 
because it does 
ajob only a 
computer can do! 





For more information, contact 
your Philips’ representative. 
Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 





















-Take a look at advanced ` 
diagnostic techniques... . 


A New Book! 


PRACTICAL ATLAS 
OF CARDIAC SCINTIGRAPHY 


For an exhaustive investigation of the rapidly expanding 
field of myocardial scintigraphy. rely on this remarkable 
bilingual (English and French) atlas. International spe- 
Cialists share their experiences with more than 4,000 cases 
to help you define normal and abnormal appearances en- 
countered in performing three types of investigations: scin- 
tigraphy (both static and dynamic) of the cardiac cavity; 
selective coronary artery scintigraphy; and myocardial scin- 
tigraphy. Each study is accompanied by a list of techniques 
used (choice of radionuclide. detectors. and scintigraphic 
views) and a table of indications. Precise drawings and 
detailed legends help you interpret all scintigrams pre- 
sented. 

Edited by Pierre deVernejoul; Dominique Ducassou; 
Robert Guiraud; Jacques Robert; Jean-Paul Nouel; and 
Henri Witz. May. 1977. 250 pages plus FM I-XII 
8⁄4” x 1134". 110 plates with 18 transparencies. Price 
$57.50 


keep up-to-date 
with emergency 
procedures. . . 


New 2nd Edition! 
TREATMENT OF CARDIAC EMERGENCIES 


Divided into three sections. this practical book offers 
you information on possible cardiac syndromes; the 
supplies and equipment available for cardiac emergencies; 
and the pharmacology. dosage. and administration of drugs 
useful in cardiac emergencies. This new edition contains 
enlarged discussions on cardiogenic shock, cardiac arrest 
and pacemaker technology, along with new material on 
diazoxide. digoxin dosage. sodium nitroprusside and other 
drugs used in cardiac emergencies. You'll also find new 
chapters on arrhythmias, the use of HIS bundle electro- 
grams, and digitalis toxicity in patients with atrial fibrillation. 
Inside the back cover, a convenient tabfe of emergency 
treatments offers easy reference to the discussion of each 
emergency situation 

By Emanuel Goldberger, M.D.. F.A.C.P.; with 1 con- 
tributor. November, 1977. Approx. 400 pages, 7” x 10”, 254 
illustrations. About $16.50 


A New Book! 


AN ATLAS OF CARDIOVASCULAR 
NUCLEAR MEDICINE: 
Selected Case Studies 


This superb new atlas provides an effective guide to the 
technical quality and clinical interpretation of current car- 
diovascular nuclear medicine procedures. Selected cases 
— drawn from more than 4,000 clinical studies — demon- 
strate characteristics of both normal and abnormal images, 
to help increase your diagnostic skills 

The book first discusses procedures for noninvasive 
determination of regional perfusion, regional wall motion 
measurements, and detection of acute infarction. Sub- 
sequent chapters examine: gated blood pool scanning, Thal- 
lium 201 myocardial perfusion imaging, and infarct avid 
imaging. Throughout, images are accompanied by elec- 
trocardiograms and coronary arteriograms. Useful 
checklists help outline key points to determine technical and 
clinical accuracy 

Edited by H. William Strauss, M.D.; Bertram Pitt, M.D.; 
with editorial assistance of Wendy A. North, B.A., M.I.R., 
N.M.T.; with 2 contributors. December, 1977. Approx. 208 
pages, 8%" x 11”, 978 illustrations in 66 figures. About 
$42.50 


help strengthen 


your staff's 
ectiveness... 


A New Book! 


ACUTE MYOCARDIAL INFARCTION: 
Reaction and Recovery 


This unique new book can strengthen your staff's under- 
standing of how factors of stress and personality affect a 
patient's recovery from acute myocardial infarction. The first 
section of the book summarizes an original research study 
and the resulting data. Subsequent chapters offer specific 
Clinical applications based on the data. Valuable discus- 
sions explore methods for psychological assessment of 
coronary patients; indications of subsequent infarctions; and 
guidelines for patient management 

By Rue L. Cromwell, Ph.D.; Earl C. Butterfield, Ph.D. 
Frances M. Brayfield, M.A.; John J. Curry, M.D.; with 4 
collaborators. March, 1977. 224 pages plus FM I-XVI, 
634" x 934”, 24 illustrations. Price, $10.50 


with books from Mosby. 


ORDER BY PHONE! 
Call (800) 325-4177 ext. 10. In Missouri call collect — 
(314) 872-8370 ext. 10. 9am to 5 pm (CDT), Monday through Friday 
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meN compact one-piece unit weighs only 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system that relieves the doctor of the time-consum- 
ing traditional auscultatory procedure. 

Now, by miniaturizing circuits and components, we have pro- ` 
duced a smaller and easier to wear sing/e-unit version. 

This Model M-2000 records blood pressures during the 
wearer’s working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method totally eliminates bias, afd the pressor effect 
of an observer’s presence. 

The Remler system is especially useful in determining the 
efficacy of medication in the treatment of hypertension. 


| AJC-10/77 
| Bamber Company 


Since 1918 e Precision in Electronics 
280 Visitacion Mall e Brisbane, California 94005 USA « 





(415) 468-3437 


| Please send me complete details on the new 
Remler M-2000 Ambulatory Blood Pressure Recorder. 
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WILLYOUR NEW 


ECHO SYSTEM 
HAVE THE RIGHT RECORDER? 


It's easy enough to find out. 
Just ask yourself what you 
expect from your system — 
hardcopy records with the 
best possible resolution? 
The operating economy 
you get with 6-inch rather 
than 8inch paper? A re- 
corder that's UL listed for 
added safety’ 

-A positive answer to eA 
any of these questions means that your 
system needs a Honeywell stripchart 
recorder. Its 5mil spot size produces 
records with twice the resolution of any 
other recorder. And this, coupled with 
excellent gray scale discrimination, 
assures that your echocardiagrams will 
have maximum diagnostic information. 


Compare record quality in an objec- 


tive, Side-by-side examination and youll 





see immediately why most 
cardiologists learn diag- 
nostic interpretation from 
"| Honeywell echocardio- 
grams. Compare recorders 
for reliability—more than 
80% of ours operate main- 
tenance-free for over a 
year—and you'll also 
understand why more than 
Bit 90% of all manufacturers 
of ultrasound scanners offer Honeywell 
“ecorders in their systems. 

If the manufacturer of your ultra- 
sound scanner wont supply one of our 
recorders, give us a Call. We'll not only 
provide it, we'll install it for you. To get 
more information, contact Bob Shipman, 
Honeywell Test Instruments Division, 

Box 5227, Denver, CO 80217. 
(303) 771-4700. N 


WE'LL SHOW YOU A BETTER WAY. 


Honeywell 
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ACCEL™, AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING, 
INVITES YOU TO PARTICIPATE IN A CONTINUING EDUCATION 
IN CARDIOLOGY — ON AUDIOTAPE CASSETTES 


ACCEL™ offers monthly 60-minute cassettes of clinically- 
oriented discussion of relevance to the daily practice and 
today’s treatment of patients with cardiovascular disease. 
Covered are current controversies and vital new develop- 
ments through special interviews with noted authorities. 
Highlights from meetings of the College and selected panel 
discussion from continuing education seminars provide con- 
stant exposure and valuable information otherwise not easily 
obtainable. Accompanying each tape is a complete index 
which also includes special features such as self-assessment 
quizzes; interpretation of unknown electrocardiograms; 
medical film and tape reviews; and references to important 
reading in the latest medical literature. In addition, 35mm 
slides are often included for both individual and group 
study. 

Attend a conference or seminar without actually being there! 
Subscribe to ACCEL™ today. 





SELF-ASSESSMENT QUIZ 






The following questions are answered and discussed in recent 
ACCEL™ tapes. 


1. Ductus arteriosus in infants can close in response to 


A. Aspirin therapy 

B. Indomethacin therapy 
C. Either of the above 
D. Neither of the above 


2. Furosemide is generally not a good anti-hypertensive drug 
because 


A. It is too short acting 
B. It is too long acting 
C. It is too toxic 


3. Ina series of 100 positive treadmill tests performed in appar- 
ently normal individuals, ten were ultimately shown to be 
falsely positive. Thus, 

A. The sensitivity of the test is 90% ey 
B. The specificity of the test is 90% o 
C. The relative statistical risk is 90% : 


4 

4. Isosorbide dinitrate sublingually has been shown to decrease | 

A. After load -| 

B. Pre load l 

C. Left ventricular chamber size 4 

D. All of the above | 
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Please enter my one year (12 issues) subscription to ACCEL™. I enclose $ 
checked below: (Checks payable to: THE AMERICAN COLLEGE OF CARDIOLOGY, 9111 Old Georgetown Road, Bethesda, Maryland 20014) 


PLAN A—Audiocassette subscription only 

U.S. (including Canada and Mexico) ACC members, $70.00 
U.S. (including Canada and Mexico) non-members, $80.00 
Foreign ACC members, $85.00 

Foreign non-members, $95.00 

(Payable only in U.S. Funds) 


ACCEL™ is acceptable for up to twelve elective hours by the 
American Academy of Family Physicians. ACCEL™ is also 
acceptable for the Physician’s Recognition Award of the 
American Medical Association in Category 5(a) on an hour- 
for-hour basis within the 22 credit hour limit for this category. 
Because ACCEL™ is educational material offered by a recog- 
nized non-profit organization, all ACCEL™ subscriptions are 
tax deductible. 


J 
(U?S. Funds) for the plan 


PLAN B—Audiocassette subscription with GE Player/Recorder 
U.S. only—ACC members, $130.00 | 
U.S. only—non-members, $140.00 
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A 40 year old man with far advanced coronary heart disease consistently 
experienced pain and exhibited marked S-T segment depression after 
44 crossings during a Master two-step test. When the number of times 
traversed was miscounted so that he exercised less, the pain occurred 
at the precise count of 44 and he showed the same marked degree of S-T 
depression. However, when the count was accurate, he had neither pain 
nor S-T segment deviation at the reduced exercise level. The possible 
basis for verbal conditioning provoking angina pectoris is explored. 


Nearly 50 years ago Keefer and Resnik! promulgated the current view 
that angina pectoris is caused by an imbalance in myocardial oxygen 
requirement and supply. Yet many puzzling observations do not accord 
with this hypothesis.? Advanced three vessel coronary atherosclerosis 
may compromise survival although the victim never experiences angina. 
It is also now well established that typical angina may occur in the ab- 
sence of any angiographically demonstrable coronary disease. If inade- 
quacy in oxygen delivery in relation to the cardiac work load is the pro- 
vocative factor, it is difficult to reconcile the striking divergence between 
the effort required to induce pain on different occasions. A patient may 
be able to exert hiuself strenuously indoors without discomfort yet be 
limited in walking oufdoors although ambient temperatures are similar. 
Modest activity on first arising in the morning is more likely to precip- 
itate angina than greater exertion later in the day. The threshold for pain 
is lower with the onset of activity than during its continuance. For ex- 
ample, the golfer afflicted with angina is frequently aware of a strange 
anomaly—pain is invariable at the initial tee off yet is rare thereafter 
while he is traversing a more taxing terrain. At times, seemingly innoc- 
uous stimuli, minor psychologic stresses or miniscule efforts can set off 
anginal episodes. Customary work, although arduous, usually does not 
induce angina. When careful attention is given to recording pulse and 
blood pressure and determining their product at the time of angina, no 
clear pattern may be noted to account for the occurrence of pain.? These 
incongruities are sharply emphasized by the case to be described. 

Occasionally, a single patient provides significant insights and illu- 
minates a wide clinical arena dotted with unexplained findings. The 
study being reported was not planned, designed or based on a protocol; 
nor were the results in any way anticipated. The experience occurred 
20 years ago. The flow of time that ordinarily diminishes and dilutes has, 
in this instance, enhanced the relevance of the observations. 


Case Report 


A 40 year old man was first seen in consultation on March 15, 1956. The pre- 
senting complaint was chest pain. At age 21 he was found to be hypertensive. 
At age 32, while working as a meat packer, he experienced the abrupt onset of 
crushing chest pain due to acute diaphragmatic myocardial infarction. There- 
after, he had frequent chest discomfort that he could “walk off.” In fact, his 
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avocation was mountaineering. At the beginning of a climb, 
he experienced retrosternal soreness. This forced him to stop 
and fall behind for several minutes; thereafter, he was able to 
, climb at a sustained pace for several hours without reexper- 


iencing any chest disability. He frequently was the first to - 


reach the top of Mount Washington in New Hampshire. Al- 
though everyone else was winded, he was free of dyspnea. 
Occasionally, he noted pain in anticipation of a climb while 
driving to the mountain base. This obviated the initial limi- 
tation at the beginning of the ascent. 

The discomfort was located over the left precordium, 


gradually increased in severity and, at peak intensity, radiated - 


down both arms to the elbows. At this point he would expe- 
rience hot flushes and drenching sweats. Sometimes there was 
accompanying breathlessness. While working, he did not have 
chest discomfort although the job required carting 40 pound 
(18 kg) slabs of beef into a freezer at —7° C. When engaged in 
interesting activities, he was less incapacitated. Cold weather 
aggravated the pain, but he ascribed this to the weight of extra 
clothing. Sitting was likely to assuage discomfort; recumbency 
made it worse. Emotion and sexual relations were precipitants 
of pain. The rather unusual aspects in the history caused 
several physicians to question the diagnosis of angina and to 
suggest that he seek psychiatric help. 

In November 1955 he was seen at the Beth Israel Hospital 
where angina pectoris was diagnosed and nitroglycerin was 
first prescribed. The drug was consistently helpful, but he 
found that when he took more nitroglycerin his requirements 
for the drug increased. When he stopped taking nitroglycerin 
for a few days, his needs for the drug were reduced. 

The family history is pertinent. His father died at age 50 
years from coronary heart disease, and his mother died at age 
66 after suffering for 25 years from hypertension and angina 
pectoris. An only sister died at age 42 from cerebrovascular 
hemorrhage, the result of hypertensive cardiovascular disease. 
Many other family members died prematurely from coronary 
heart disease. Since childhood, the patient was deeply trqu- 
bled by this seeming genetic affliction. In later life, preoctu- 
pation with heart disease became an obsession. He often re- 
iterated a conviction that he would not survive to his 42nd 
birthday. 

On physical examination he was a short robust muscular 
boyish-appearing man. Among the significant findings were 
tortuous and narrowed arterioles with crossover venous con- 
striction in the optic fundi. Neck veins showed prominent 
pulsations. The lungs were clear. There were no detectable 
precordial movements. The first heart sound at the apex was 
diminished and was preceded by a prominent fourth sound. 
There was a soft grade 1/6 early to mid systolic apical murmur 
and a loud protodiastolic gallop sound. The pulmonary com- 
ponent of the second heart sound was increased. The patient 
had sinus rhythm with a heart rate of 80 beats/min. The blood 
pressure was 120/90 mm Hg. The limbs were cold with reduced 
pedal pulses. 

Laboratory findings: Vital capacity was 3,700 cc, and the 
1 second fraction 2,900 cc. The-hemogram and urine were 
normal. Serum cholesterol was 340 mg/100 ml and uric acid 
8.1 mg/100 ml. Radioactive iodine uptake was 37 percent and 
protein-bound iodine 5.2 ng/100 ml. The electrocardiogram 
showed no stigmata of previous myocardial infarction. The 
testing heart rate was 70 beats/min; the P-R, QRS and Q-T 
intervals were, respectively, 0.21, 0.09 and 0.56 second. Flat- 
tened S-T segments were noted in leads I, aVL and the left 
precordial leads; inverted T waves were present in leads II, II 
and aVF. Chest fluoroscopy revealed no cardiomegaly but a 
tortuous and widened ascending aorta and clear lung fields. 
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Several double Master two-step tests d carried out. For 
the patient’s weight and age, he had to perform 44 crossings 
in a period of 3 minutes. The results were consistent. When 
he crossed the two-step 40 times, he complained of slight 
heaviness in the chest. This increased in intensity so that by 
the time he reached 44 trips, the discomfort was moderate to 
severe and he was compelled to stop. The pain increased in 
severity with recumbency. The S-T segment receded 3 to 4- 
mm below the T-P baseline. Although nitroglycerin promptly 
assuaged the pain, the S-T depression persisted for 9 to 12 
minutes (Fig. 1). With exercise, the heart rate accelerated 
variably, reaching levels of 110 to 160 beats/min; the systolic 
blood pressure increased consistently, but the increase never 
exceeded 10 mm Hg. 

“The Study”: After five exercise stress tests, carried out . 
to assess the efficacy of various so-called coronary vasodilator 
drugs, the patient observed that he was compelled each time 
to stop precisely after 44 crossings of the two steps. He com- 
mented that the experience reminded him of his dog who 
became carsick and vomited in the back seat when taken for 
aride. After a while, the vomiting was provoked by the turning 
of the ignition key and starting of the motor. To obviate the 
need to clean up, the patient would lead the dog close to the 
car and then start the engine. The dog would vomit on the 
sidewalk and could go for a ride without soiling the back seat. 
The relevance of this anecdote eluded me until he explained 
that the dog, just like himself, had been psychologically con- 
ditioned: “Didn’t a Russian by the name of Pavlov have 
something to say about that?” This remarkable formulation 
inspired the following undertaking. 

Upon his next weekly visit to the laboratory, he was told 
that henceforward, exercise testing would be conducted 
without counting out loud the passage across the two-step. 
However, when approaching the end of exercise, he would be 
alerted and counting would be resumed out loud with the 40th 
trip. Thereafter, the test was performed in the usual manner 
except that the count was silent. As he reached 28 crossings, 
I called out 40 then 41, 42, and so forth. He seemed startled 
at the more rapid approach of the end of exercise but, after 29 
crossings, at a count of 41, he complained of discomfort and 
by 32 crossings (the miscount being 44) the pain had increased 
significantly so that he was forced to stop. The electrocar- 


Control 


2 Step Test 











FIGURE 1. At 44 crossings of a Master two-step, the patient experi- 
enced severe chest discomfort and exhibited 4 mm S-T segment de- 
prègslon in lead Va and 2.5 mmi in lead Ve; Peak Nea tale af comipieuon 
of exercise was 120 beats/min. 
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FIGURE 2. At 32 crossings of a Master two-step, miscounted as 44, 
the patlent experienced severe chest discomfort and exhibited changes 
nearly identical to those observed with the greater exercise load (Fig. 
1). Peak heart rate was 110 beats/min. 


diographic pattern was nearly identical to that noted when 
on prior occasions he crossed the two-step 44 times (Fig. 2). 
The following week, the same test procedure yielded a 
similar response. In the 3rd week, exercise was performed in 
the same fashion, except that the count was out loud 
throughout the test and he was stopped at 32 crossings. He had 
no pain or significant S-T segment changes from the control 
period. In the 4th week of the study, the exercise was carried 
- out again with a silent count until 28 passages; this crossing 
was miscounted as 40 and the result was again pain and sig- 
nificant S-T segment depression at the count of 44 (Table I). 
In the 5th week, the count was silent, counting out loud was 
begun at 28 crossings and the test stopped at 32 crossings; the 
patient experienced no pain and showed no increase in S-T 
‘segment deviation. In the 6th week miscounting was repeated 
and results were similar to those of the Ist, 2nd and 4th weeks. 
In the 7th week the test was again carried out with the mis- 
-count at 28 crossings. The patient looked amused and com- 
mented, “Doctor, you don’t know how to count or else you are 
finagling—it is only 28.” Thereafter, he experienced no pain 
at 32 crossings and showed no electrocardiographic alter- 
ations. 

Follow-up: One month after the patient discontinued ex- 
ercise testing, his situation deteriorated with the advent of 
heart failure. Improvement followed digitalization. One month 
later, while driving a truck in Boston, he pulled over to the 
curb and was found dead. A postmortem examination, per- 
formed at the Peter Bent Bringham Hospital, showed all three 
major coronary vessels to be completely obgtructed with acute 
myocardial infarction of the mid portion of the interventric- 
ular septum and focal iptetStitial fibrosis of the myocardium. 
At the time of his death he had not yet reached his 42nd 
birthday. 


Discussion 


The patient provided the clue for the precise consis- 
tency of the work load necessary to induce anginal pain. 
He was a high school dropout, a largely self-taught 
working man. An omnivorous reader, he delved deeply 
‘into science. He possessed a profound reverence for life, 
yet was unalterably convinced of his own impending 
doom. He was pleased with the testing: “If it doesn’t 
help me, it may help someone else.” He inspired in his 
physician a desire to do something although the means 
then available were woefully meager. So he underwent 
exercise testing once weekly, which assuaged the anx- 


TABLE | 


Relation Between the Number Counted and 32 Crossings of 
a Two-Step to the Onset of Angina Pectoris, S-T Segment 
Deviation and Heart Rate 





Actual 
Crossi: 
of Enuncl- Heart Rate , 
Two-Step ated Result (beats/min 
Test (no.) Count AP 5-T} Control 
1 32 44 + + 82 120 
2 32 44 + + 80 156 
3 32 32 0 0 92 124 
4 32 44 + + 87 110 
5 32 32. - 0 0 110 180 
6 32 44 + + 88 134 
7 32 44 0. 0 90 130 
AP = angina pectoris; §-Tl = §-T segment depression. 


ieties of both participants. Within a month after the 
exercise was stopped, his condition materially deterio- 
rated. 

He presented some of the puzzling elements fre- 
quently observed in patients with angina pectoris. The 
discomfort was likely to occur in the morning and 
especially at the first onset of activity. His “second 
wind” was remarkable. At the inception of activity he 
could barely walk a city block but, after experiencing 
pain, he felt a “switching of gears” and he could climb 
asteep mountain. Once he stopped for a brief period the 
cycle was restarted, as though the warm-up had to reach 
a certain level. These incongruities between effort and 
pain led several experienced cardiologists to misjudge 
his condition and consider a psychiatric basis. When he 
engaged in habitual work or partook of activities he 
relished, especially when these were indoors, the pain 
threshold was extremely high. 

There was little concordance in the degree of tachy- 
cardia with the occurrence of angina during the exercise 
testing. Peak heart rate ranged from as low as 110 to as 
high as 160 beats/min. Systolic blood pressure increased _ 
by 10 mm Hg at the time of pain and never exceeded 


‘this level. The only constant factor was the relation of 


the onset of angina to the count. When the number 40 
was called, he slowed his pace somewhat, as though in 
anticipation, but the discomfort appeared intense when 
the count reached 44. He clearly was in pain, with drawn 
countenance and profuse perspiration. The pain in- 
tensified on recumbency. The S-T segment change was 
substantial and always accompanied the pain. While 
nitroglycerin and carotid sinus massage* promptly al- 
leviated the discomfort, the S-T deviation remained 
unaffected and persisted for about 10 minutes. . 
Nine times when the number 44 was called out, the 
patient was compelled to stop because of disabling pain 
accompanied by significant S-T segment depression. On 
four occasions, his response was unaltered even though 
he traversed the two-step 12 fewer crossings. When 
during two exercise tests the counting was precise and 
the test was stopped at 32 trips across the two-step, 
there was neither pain nor S-T segment deviation. 
This experience made a profound and lasting im- 
pression. It suggested that a relatively innocuous en- 
unciation of a sequence of numbers within a particular 
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sine was sufficient to induce angina pectoris. Levine,” 

who had been familiar with these observations, was 
moved to reformulate his thinking on the possible 
triggering of angina pectoris. A year after these events, 
he wrote in this Journal:.“The frequent occurrence of 
attacks of angina under similar circumstances in the 
same individual, in which the physical or emotional 
factors do not appear to be sufficient, makes one wonder 
whether something in the nature of a habit or condi- 
tioned reflex is involved.” 

‘Hemodynamic correlates of angina pectoris: The 
occurrence of angina has been associated with hemo- 
dynamic changes. Pulse rate is consistently higher with 
exertional pain than with spontaneous pain; and, in the 
majority of attacks, systolic pressure is increased. 35 It 
has been suggested that the product of pulse and blood 
pressure is a precise indicator for the occurence of an- 
gina.® In this patient, no consistent association between 
the rate-pressure product and the development of an- 
gina was evident. It is generally accepted that the 
emergence of angina is the result of a rise in myocardial 
work to a critical level that is essentially fixed in each 
patient.5 Yet in this patient, angina occurred at dispa- 
rate work loads. The strength and vigor of contraction 
have been adduced as critical factors in the genesis of 
an anginal attack.” When the vigor of contraction is 
reduced, as with the onset of heart failure, angina dis- 
appears. a7 Indeed, in this patient, angina recurred many 


times daily over an 8 year period; once cardiac decom-’ 


pensation set in, he no longer experienced pain. How- 
ever, it is not clear why the force of systole should have 
increased with lesser work loads and only when he was 
informed in effect that he had exerted to a level that 
previously had brought on an anginal attack. . 

Psychologic factors in angina pectoris: That 
psychologic factors can provoke angina is deemed a 
medical truism. Heberden already clearly enunciated 
this association. His redoubtable contemporary, John 
Hunter, who was afflicted with the condition, provided 
an acerbic formulation: “My life is at the mercy of any 
‘ scoundrel who chooses to put me in a passion”; it was 
indeed such an event which precipitated his sudden 
death.8 , 

Deliberaté attempts to induce angina-by psychologic 
means have not been consistently successful. The use 
of stressful suggestion while a patient was under hyp- 
nosis failed to provoke chest discomfort.® Likewise, the 
induction of an anxiety-fear situation or work-pain 
situation by hypnosis failed to produce angina. How- 
ever, in 4 of 11 patients with coronary heart disease who 
had angina, such hypnotic suggestion induced signifi- 
cant T wave changes.!° Stress interviews were similarly 
unsuccessful in inducing chest discomfort in the pa- 
tients tested; however, when these patients were en- 
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couraged to reminisce and talk about pa problems, 
especially focusing on the reexperiencing of accidents 


.or other traumatic episodes, three o five had episodes 


of angina.® 

Substantial evidence has decimi over the past 
2 decades indicating that psychologic conditioning, 
especially with operant techniques, can induce learned 
modification of autonomic nervous system responses 
in animals as well as in men.!!-!8 Specific heart rate 
changes can be effected in a prelearned direction,!4+-17 
arrhythmias decreased,!*19 hemodynamics altered,” 
electrocardiographic changes induced and pharmaco- 
logic effects mimicked.*! Extrasystoles have been con- 
ditioned: in normal man by means of respiratory ma- 
neuvers serving as the unconditioned stimulus.” In the 
patient described here, the conditioning may be re- 
garded as aversive because the verbal cue was a har- 
binger of pain. Such painful conditioning has been 
shown to lower materially the vulnerable period 
threshold for ventricular fibrillation in the experimental 
animal?3:24 and to provoke potentially malignant ven- 
tricular arrhythmias in the dog after infarction. 

The ability of seemingly neutral signals to serve as 
symbolic stresses is widely appreciated. That these can 
activate disease mechanisms depends upon the fact that 
bodily organs are connected with and are responsive to 
nerve traffic that reaches them by way of autonomic, 
neurohumoral and humoral pathways from the highest 
integrative centers of the nervous system.” In the 
clinical setting, there is invariably a unique, individual 
and frequently unknowable particularity between outer 
experience and inner temporary connections to various 
organ systems. Wolf% has put it appropriately: “It is 
probable that most adaptive functions of the cardio- 
vascular system are responsive to stimuli that owe their 
force to their special significance to the individual.” 

One needs.to explain the physiologic mechanism 
underlying the triggering of angina by a verbal cue. This 
necessarily will depend on the fundamental basis for 
angina, which at present is inadequately understood. 
Tn one form of angina, the so-called Prinzmetal variant, 
evidence has been presented for the role of coronary 
arterial spasm.27-80 Several observations®!°2 indicate 
that neural and neurohumoral factors are-implicated 
in the genesis of variant angina. In patients with the 
variant syndrorfie, anginal pain has been induced by 
vagomimetic drugs such as methacholine or pilocarpine 
and prevented by pretreatment with atropine.33 But it 
is not at all clear whether spasm plays a role in the 
classic type of angina and whether any neural mecha- 
nisms are involved. Until the precise mechanism of 
angina pectoris is determined, the basis for provocation 
of pain in the patient described here will necessarily 
remain speculative. 
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R has been suggested that the postoperative development of a right bundle 
branch block pattern Is due to injury of peripheral rather than proximal 
parts of the right bundie branch and does not affect the prognosis for the 
later development of complete heart block. However, the occurrence of 
complete heart block in a patient with postoperative right bundle branch 
block who later has left bundle branch block has not previously been 
documented. The entire specialized cardiac conduction system of a pa- 
tlent who had two operations for repalr of double outlet right ventricle and 
multiplie ventricular septal defects was serially sectloned. In the first 
operation, which resulted in a right branch block pattern, a subaortic 
ventricular septal defect was repaired through a right ventriculotomy. In 
the second operation complete heart block occurred after multiple 
muscular ventricular septal defects were repalred with a patch inserted 
through a left ventriculotomy. Examination of the conduction system 
showed that the right bundle branch was completely Interrupted by the 
patch used to repair the subaortic ventricular septal defect and the left 
bundle branch was completely severed by the patch used to repalr the 
muscular ventricular septal defects. 

This case proves that some patients who have a right bundle branch 
block pattern after repair of a ventricular septal defect may later have 
complete heart block if left bundle branch block develops as a result of 
sclerodegenerative or atherosclerotic heart disease or other cause. 


A right bundle branch block pattern in the electrocardiogram commonly 
occurs after open heart surgery for repair of a ventricular septal defect 
and particularly after surgical repair of tetralogy of Fallot. Several recent 
studies!” have suggested that the postoperative development of a right 
bundle branch block pattern in the scalar electrocardiogram may be due 
to peripheral disruption of the right bundle branch. Those studies were 
performed during open‘ heart surgery and showed either significant 
conduction delay to parts of the right ventricle beyond the right ven- 
triculotomy! or an increase in QRS duration and the development of a 
right bundle branch block pattern immediately upon the creation of the 
right ventriculotomy and before closure of the ventricular septal defect.? 
However, other studies have suggested that the postoperative right 
bundle branch block pattern is due to injury to the proximal part of the 
right bundle branch incurred during closure of the ventricular septal 
defect.3-7 4 

Because the prognosis for patients who have open heart surgery for 
tetralogy of Fallot or closure of a ventricular septal defect depends in ` 
part on the likelihood of future development of complete heart block, . 
it is important to ascertain the cause of the right bundle branch block, 
which may be followed by a left bundle branch block of some other origin. 
Indeed, it has been suggested that because the right bundle branch block 
pattern is peripheral in origin in most patients, these patients may not 
experience complete heart block if left bundle branch block develops 
in later life.+ . 
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FIGURE 1 (left). Right ventricular view of the heart. PR, = old prosthetic repair In the region of the ventricular septal defect; PR, = recent prosthetic 
repair in the region of the second ventricular septal defect; PT = pulmonary trunk; PV = pulmonary valve; R = ridge of Pisong at the bifurcatlon; 


RV = right ventricle. 


FIGURE 2 (right). Left ventricular view of the heart. The interruption of the conduction system Is diagrammatically represented In the region of 
the patch. ALBB = more anterior fibers of the main left bundie branch; B = His bundle; LA = left atrium; LBB = main left bundle branch; LV = left 
ventricle; PLBB = more posterior fibers of the main left bundle branch; PR, = old prosthetic repair In the region of the subaortic ventricular septal 
defect; PR. = recent prosthetic repair in the second ventricular septal defect (roughly demarcated by broken line). 


In spite of many physiologic and pathologic studies, . 


no clinical information is available on patients with 
surgically induced right bundle branch block who ex- 
perience complete heart block after the development 
of left bundle branch block. This report presents the 
clinical course and anatomic and histologic studies of 
the specialized cardiac conduction system of a patient 


with double outlet right ventricle who experienced such- 


a sequence. 


Case Report 


The patient, a girl of 9 1/2 years at the time of death, was 
the product of a full term uncomplicated pregnancy and 
normal delivery who had had a heart murmur since birth. She 
was asymptomatic for the first 2 years of life. At age 2 years 
cardiac catheterization revealed an arterial oxygen saturation 
level of 83 percent, a systemic right ventricular pressure of 
125/3 mm Hg and a pulmonary arterial pressure of 25/20 mm 


Hg. The patient was thought to have tetralogy of Fallot and 


_ was referred for intracardiac repair at age 8 years. 

First operation: During open heart surgery a right vertical 
ventriculotomy was made and the intracardiac anatomy in- 
spected. The aorta and pulmonary artery were found to 
` originate entirely from the right ventricle. The ventricular 
septal defect was related to the aorta and was closed with a 
knitted Dacron® patch that diverted blood from the left 
ventricle into the aorta. In addition, pulmonary infundibular 
resection was performed and the right ventricular outflow 
tract enlarged with use of a woven Dacron patch positioned 
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so that it did not cross the pulmonary arterial anulus. 

“Postoperatively, a right bundle branch block pattern de- 
veloped in the electrocardiogram. A grade 3/6 systolic murmur 
and a grade 2/6 mid diastolic rumble at the apex of the heart 
were heard. Congestive heart failure developed immediately 
after operation. The patient was treated with digoxin and 
diuretic drugs and was discharged 3 weeks later with this 
cardiotonic regimen. Because of the clinical impression of a 
residual ventricular septal defect, the patient underwent a 
repeat cardiac catheterization 8 months after operation which 
confirmed the diagnosis of double outlet right ventricle. A 
ventricular septal defect with a moderate left to right shunt 
was documented; the total combined gradient from the right 
ventricle to the pulmo artery was 80 mm Hg. Right ven- 
tricular pressure was 110/5 mm Hg. 

Second operation: Because of right ventricular hyper- 
tension and the interventricular left to right shunt the patient 
was referred for a second operation 17 months after her first 
open heart operation. The right bundle branch block pattern 
persisted. The previously placed ventricular baffle.was intact 
and there was no evidence of a left to right shunt at that level. 
The entire muscular portion of the lower septum was perfo- 
rated by numerous small holes, many of which were obscured 
by the trabeculae carneae. A left vertical ventriculotomy was 
therefore performed and the trabeculae carneae were divided, 
producing a septal defect measuring approximately 3 by 5 cm. 


` The defect involved the whole apical region of the septum and 


up to 2 cm from the previously placed baffle. The defect was 
then closed through the left ventricular ‘cavity with a large 
Teflon® patch. After the intracardiac repair was completed 








and the patient rewarmed from 32 to-37° C, complete heart 
block occurred and electrical pacing was initidted. 

An epicardial pacemaker was implanted 8 days postoper- 
atively, but the patient subsequently had a brief episode of 
ventricular asystole and died 3 weeks after the second oper- 
ation. Postmortem examination was limited to the heart. 


Heart: Gross Examination 


The heart was greatly enlarged because of hypertrophy of 
all chambers. A recently placed prosthesis was identified in 
the anterior wall of the right ventricle continuous with the 
pulmonary trunk. An old closure of an atrial septal defect was 
evident. A well endothelialized closure of a ventricular septal 
defect, measuring 2 cm on the left side, was noted beneath the 
aorta (Fig. 1 and 2). A second septal defect closed with a 
prosthetic patch, measuring 3 to 4 cm on the right side and 5 
by 3.8 cm on the left, was noted in the apical area (Fig. 1 and 
2). The pulmonary trunk was stenotic at the point where it 
emerged from the right ventricle; the biscuspid valve had been 
altered by surgery. A stenotic ridge was noted at the bifurca- 
tion of the right and left pulmonary arteries (Fig. 1). Postop- 
eratively the base of the aorta curved sharply where it emerged 
from the left ventricle. 


Microscopic Examination of the Conduction System 


Methods: The region of the sinoatrial (S-A) node was di- 
vided by the prosector and serially sectioned in two parts at 
10 » and every 10th section was retained. The approaches to 
the S-A node, the atrioventricular (A-V) node, the A-V bundle 
and the bundle branches were sectioned by the Davies 


method.® The first block proceeding upward from the poste- . 


rior wall, including the lower approaches to the A-V node, was 
serially sectioned at 10 u, and every 10th section was retained. 
The second block, containing some of the approaches to the 
A-V node, the A-V node, the A-V bundle and about 2 cm of 
the beginning of the bundle branches was completely serially 
sectioned at 10 u. The third and fourth blocks were divided 
so that the third block contained the anterior wall of both 
ventricles (including the anterior group of papillary muscles 


‘of the left ventricle) and the anterior half of the septum con- 


taining the anterior part of the recently placed prosthesis, 
whereas the fourth block contained the posterior wall of both 
ventricles (including the posterior group of papillary muscles 
of the left ventricle) and the adjoining posterior septum con- 
taining the posterior half of the recently placed prosthesis. 
These blocks were serially sectioned by the Davies method® 
at 10 u and every 10th section was retained. Consecutive sec- 
tions of all blocks were stained with hematoxylin-eosin, 
Weigert-van Gieson and Gomori trichrome stains. In this 
manner 3,178 sections were studied. : 

Findings: S-A node: Portions of the S-A node were noted 
in an area of granulation tissue. The connectioris of the S-A 
node to the atria could not be studied. 

Approaches to the S-A node: Granulation tissue, organizing 
pericarditis and atrial muscle in various stages of degeneration 
were noted. f 

Approaches to the A-V node: No pathologic changes were 
observed, and histologic studies were normal. 

A-V node: A few small zones of fibrosis and scant accu- 
mulation of mononuclear cells were seen. 

A-V bundle, penetrating portion: The A-V bundle at the 
beginning of its course was small in structure. However, it 
increased in size from the right to the left side and extended 
to the summit of the interventricular septum, showing zones 
of fibrosis but no discontinuity. The bundle divided into two 
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parts that rejoined as it reached the left O Greer it showed 
considerable space formation. At this point the branching 
portion of the bundle began. . 

A-V bundle, branching portion: Throughout this portion 
considerable hemorrhage but no destruction of tissue was 
noted. This segment was partially covered by ordinary myo- 


-cardium and. continuously gave off leashes of left bundle 


branch fibers. Considerable fibrosis was seen in this area of 
the bundle before it reached the bifurcation. 

Bifurcation (pseudobifurcation of Rosenbaum): Consid- 
erable fibrosis was noted. . 

Left bundle branch: The anterior part of the left bundle 
branch was as large as the posterior. Considerable fibrosis and 
hemorrhage were noted at the beginning of the branch. As it 
extended downward it divided into two parts, both oriented 
toward the apical prosthesis. Both the anterior (Fig. 3) and 
the posterior fibers (Fig. 4) were hemorrhagic and eventually 
were obliterated in the prosthesis and in the granulation tissue 
accompanying it. No healthy fibers were seen extending from 
the area above the patch to the papillary muscles or to the 
anterior or posterior wall of the left ventricle. 

Right bundle branch: This was sizable at its beginning and 
had considerable fibrosis. Then it became very thin with only 
a few fibers in its transverse diameter; it enlarged again but 
ended abruptly in the fibrosis accompanying the patch closing 
the subaortic ventricular septal defect. Thus the branch was 





prosthetic repair. ALBB = anterior flbers of the left bundle branch; M 
= myocardium; PR- = recent prosthetic repair of the second defect. 
(Gomori trichrome stain X30, reduced by 77 percent.) 
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FIGURE 4. Posterior fibers of the left bundle branch (PLBB) lying In a 

sea of hemorrhage (A), and passing Into a fibrotic area (B). M = myo- 

cardium; PR2 = recent prosthetic repalr of the second apical defect. 

il trichrome stain X30, reduced by 74 percent [A] and 77 percent 
B] 


completely interrupted at this level (Fig. 5) and no remnants 
of it could be found distal to the patch. 


Discussion 


. Our histologic observations in this case confirmed the 
clinical impression that surgical injury to the specialized 
conduction system occurred primarily to the proximal 

. part of the right bundle branch in the first operation and 
to the entire left bundle branch system in the second 
operation. To our knowledge this is the first docu- 

_ mented clinical case in which a patient who had a 
proximal injury to the right bundle branch at one op- 
eration and a right bundle branch bloek pattern post- 
operatively later had complete heart block requiring 
immediate treatment with a cardiac electrical pace- 
maker after a second operation resulted in destruction 
of the left bundle branch peripherally. These data are 
in accord with previous histologic studies3-7 showing 
that in some patients the proximal part of the right 
bundle branch is the area injured during surgery at the 
base of the heart. 

The histologic finding of hemorrhage in the His 
bundle at the old operative site in the branching bundle 
was not associated with acute parenchymal changes and 
therefore is not considered to be of functional impor- 
tance. One of us (M.L.) has seen these changes in the 

_bundle during many operations involving either the 
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external or internal aspects of the heart with no func- 
tional counterpart in the electrocardiogram. The fibrosis 
noted in the bundle of His and the bifurcation obviously 
developed after the first operation and did not affect the 
function of these structures, as indicated by the absence 
of electrocardiographic changes due to partial or com- 


` plete A-V block before the second operation. 


Although a right bundle branch block pattern ‘after 
open heart surgery may occur with an incision in the 
right ventricular free wall,! there is also electrophysio- 
logic evidence that the right bundle branch may be 
damaged throughout its course.” Injury to the right 
bundle -branch may also occur after resection of the 
moderator band, as well as during suture placement on 
the crest of the interventricular septum for closure of . 
a ventricular septal defect, as in our case. 

Causes of postoperative right bundle branch 
block: Others have also found clinical evidence of injury 
to the right bundle branch after open heart surgery in . 
which a right ventriculotomy was not made. Okoroma 
et al.? found that postoperative right, bundle branch 
block developed in 44 percent of patients with an iso- 
lated subaortic ventricular septal defect closed through 
an atriotomy. Because none of these patients had a 
ventriculotomy, this finding strongly suggests that the 
right bundle branch block pattern in these patients 
occurred because of interruption of the proximal part 
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FIGURE 5. Right bundie branch (RBB) 
passing Into prosthetic patch closing the 
subaortic defect. B = bundle of His at bi- 
furcation; M = myocardium; PR; = old 
prosthetic repair of subaortic ventricular 
septal defect. (Weigert-van Gleson stain 
X15 (A) and X45 (B), both reduced by 23 
percent.) i ‘ 


of the right bundle branch. Antar et al.!° reported that 
11 of 13 patients with complete A-V canal who had 
surgical repair of their defect through the atrium had 
right bundle branch block postoperatively. In all of 
these patients, sutures were placed on the crest of the 
interventricular septum during the operation. In ad- 
dition, 5 of 25 of their patients with an ostium primum 


defect also had right bundle branch block postopera- . 


tively. All five patients had septal sutures placed 
through the interventricular septum during the surgical 
correction to reinforce the intraatrial patch used to close 
the primum atrial septal defect. In contrast, right 
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bundle branch block did not occur in any of the 20 pa- 
tients with ostium primum defect who had surgical 
correction and whose septal sutures were placed not at 
the crest of the interventricular septum but rather at 
the base of the tricuspid valve. 

Therefore the postoperative right bundle branch 
block seen in patients with various forms of A-V cushion 
defect in whom surgical repair was carried out through 
the atrium is also related to the use of sutures placed at 
the crest of the interventricular septum. The data, 
therefore, indicate that the right bundle branch is at risk 
in all patients who require open heart surgery and whose 
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right bundle brinch is close to an interventricular septal 
defect. This group includes patients with tetralogy of 
Fallot, isolated subaortic ventricular septal defect, A-V 
cushion defect and various other forms of congenital 
heart disease with interventricular defects. 

Because a right bundle branch block pattern occurs 
in most patients after a right ventriculotomy, clinical 
estimation of further damage to more proximal parts 
of the right bundle branch may be difficult. Further, the 
incidence of proximal injury to the right bundle branch 
may be different in various institutions and depends 

- largely on the differences in surgical techniques used for 
correction of ventricular septal defect or relief of pul- 
monary infundibular stenosis. 

Clinical implications: Our study documents for the 

„first time the clinical significance of a proximal lesion 
. to the right. bundle branch block after open heart sur- 
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gery. It strongly suggests that in some patients whose 
right bundle branch is injured during open heart sur- 
gery, complete heart block may occur after the devel- 
opment of left bundle branch block either because of 
atherosclerotic heart disease or sclerosis of the spe- 
cialized conduction system later in life. This case also 
calls for increased effort to avoid proximal injury to the 
right bundle branch during open heart surgery. An 
electrophysiologic technique for identification of the 
right bundle branch during open heart surgery is 
available!! and should be used to train all cardiovascular 
surgeons so that they will be familiar with the precise 
course of the right bundle branch. Also, when a defect 
can be closed without using septal sutures at the crest 
of the interventricular septum, as in some patients with 
ostium primum defect, altered techniques should be 
used to reinforce the prosthetic patch. 
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Pseudo bundle branch block, a previously unreported arrhythmla produced 
by concealed premature impulses arising in the bundle branches, was 
seen In two patients with sick sinus node syndrome. Although concealed 
conduction was not apparent in either the surface or intracardiac leads, 
the latter were essential In localizing the site of manifest impulse for- 
mation. Patient 1, with left bundle branch extrasystoles, had pseudo bundle 
branch block and pseudo atrioventricular block that depended on the 
timing and extent of concealment of premature depolarization. Because 
of the coexisting sinus bradycardia in this patient, electrical stimulation 
and the recording of the right ventricular apical electrograms gave ad- 
ditional Information that helped corroborate the postulated mechanisms. 
Patient 2 had right bundle branch extrasystoles with sinus beats that 
showed a right bundle branch block pattern possibly caused by pseudo 
bundle branch block. In this case the possibility that both the automaticity 
and the conduction disturbance had a mechanical origin could not be 
excluded. 


Langendorf,! who introduced the term concealed conduction in clinical 
electrocardiography, recently discussed all known manifestations of this 
phenomenon. Although he postulated that concealed premature im- 
pulses could produce pseudo bundle branch block, we know of no pub- 
lished tracings of this arrhythmia. This report corroborates Langendorf’s 
assumptions and reemphasizes the value of intracardiac recordings and 
electrical stimulation in the diagnosis of complex rhythm disorders. 


Material and Methods 


Invasive electrophysiologic studies were performed in two symptomatic pa- 
tients after the procedure was explained and informed consent obtained. In one 
patient only a single (His bundle) recording catheter was used, but in the other 
patient two additional catheters were positioned? as reported previously,®3 to 
record the electrical activity of the high right atrium and right ventricular 
apex. 

The following intervals were measured (normal values in our laboratory are 
given in parentheses): P-A interval—from the onset of the surface P wave to the 
beginning of the atrial deflection in the His bundle electrogram (20 to 45 msec); 
A-H interval—from the beginning of the atrial deflection to the onset of the H 
deflection in the His bundle electrogram (55 to 120 msec); H-V interval—from 
the H deflection to the onset of ventricular depolarization in the surface leads 
(35 to 55 msec); H-RVA interval—from the H deflection to the onset of the rapid 
deflection of the right ventricular apex electrogram (55 to 75 msec); V-RVA in- 
terval—from the onset of ventricular depolarization (wherever it might have 
occurred) to the rapid deflection of the right ventricular apex electrogram (5 to 
30 msec). Whereas the filter setting from the high right atrial and His bundle 
leads was 40 to 500 Hz, the setting from the right ventricular apex electrogram 
was 400 to 500 Hz. i 
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\ Case Descriptions 
Case 1. Pseudo Left Bundle Branch Block 


A 53 year old man with syncopal attacks had aortic stenosis 
and sick sinus node syndrome. The surface electrocardiogram 
revealed sinus bradycardia, unifocal ectopic beats with sig- 
nificantly varying coupling and an “incomplete” left bundle 
branch block pattern (QRS duration of 105 msec) with a P-R 
interval of 210 msec. 

During intracardiac studies the duration of the pertinent 
intervals in sinus beats was as follows (Fig. 1): A-H 115 msec, 
H-V 70 msec, H-RVA 80 msec and V-RVA 10 msec. The 
prolongation of the H-V interval is consistent with a coexistent 
(but smaller) conduction delay in the right bundle branch. The 
configuration of the incomplete left bundle branch block in- 


- 1000 MSEC 


H — RVA:80 — 70 
V = RVA:I0 —— 3Ò 





1000 MSEC. 





© © 





dicates that activation of the right ventricle occurred slightly 
before that of the left ventricle. Thus, the H-RVA interval of 
80 msec was composed of the conduction time through the His 


bundle and right bund!e branch (H-V interval 70 msec) plus ou 


the conduction time through that part of the ordinary ven- 
tricular muscle located between the site of emergence from 
the right bundle branch and the recording right ventricular 
apex electrodes (V-RVA interval 10 msec). 

On the other hand, the interpolated ectopic beats had an 
incomplete right bundle branch block pattern (rr’S complex 
in lead V;) with a QRS duration of 95 msec. The time elapsing 
between activation of the His bundle and the onset of ven- 
tricular depolarization was 35 msec. These findings exclude 
aberration of a His bundle beat and are in keeping with im- 
pulse formation in the left bundle branch (possibly within the 


<———1000 msee ———> 








@ FIGURE 1 (upper left). Case 1. Sinus brady- 

cardla with an interpolated left bundle branch 
ectopic beat. All values are expressed in 
msec. Rectangles within the bundle branches 
represent areas where conduction delays 
occur. Large and small sawtooth patterns In- 
dicate, respectively, greater or lesser degrees 
of conduction delay. A = atrial deflection; H = 
His bundle deflection; HBE = His bundle 
electrogram; HRA = high right atrlum; LB = 
left bundle branch; RB = right bundle branch; 
RVA = right ventricular apex; V = onset at 
ventricular depolarization. 


FIGURE 2 (lower left). Case 1. Pseudo com- 
plete left bundle branch block produced by a 
concealed left bundie branch ectopic beat 
during high right atrial pacing. St = pacemaker 
stimulus artlfact. ` 


FIGURE 3 (upper right). Case 1. QRS con- 
figuration produced by exclusive right ven- 
tricular stimulation (right) and by ventricular 
pacing at the onset of ventricular depolariza- 


© tion (left). The duration of the QRS complexes 


in the first beat is less than that of the beat 
attributed to pseudo complete left bundi 
branch block (Flg. 2). ; 
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FIGURE 4 (above). Case 1. an PE of a pure left 
bundle branch ectopic beat (right) compared with that of a 
supraventricular beat produced by His bundle pacing (mld- 
dle) and of fuslon (between supraventricular and ectopic 
beats) (left). QRS duration of the latter is less than that of 
beats resulting from pseudo complete left bundle branch 
block (Fig. 2). Abbreviations as in Figures 1 and 2. 


FIGURE 5 (right). Case 1. His bundle pacing with noncon- 
ducted His bundle Impulses due to manifest (top panel) and 
concealed left bundie branch impulses producing pseudo 
St(H}-V block (bottom panel). The constant St-HRA interval 
of 65 msec was too short to be due to ventriculoatrial con- 
duction through the A-V node. it thus resulted from combined 
His bundle and atrial pacing.'®-"7 In the absence of concealed 
extrasystoles the third stimulus in the bottom panel wouid 
have been followed by a QRS complex. 


St St St St 
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FIGURE 6. Case 1. Pseudo St{(H}HV block and pseudo complete left bundle branch block due to concealed ectopic beats arising in the left bundle branch 


during His bundle pacing. 
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affected area). 4g 3 From its site of origin the impulse spread in i 


antegrade fashion toward the left ventricle and in retrograde 
fashion toward the His bundle, finally reaching the right 
ventricle by way of the right bundle branch. Therefore, the 
duration of the H~-RVA interval was similar to that of sinus 
beats. However, this H~-V interval did not represent the linear 
conduction time from one site to the other but the difference 
between the arrival of the excitation at the His bundle and left 
ventricles, respectively.5-’ Finally, the impulse reached the 
right ventricle by way of the right bundle branch with an 
H--RVA interval similar to that of sinus.beats. Because of the 

_unique activation sequence of this beat, arrival of the excita- 
. tion at the right ventricular apéx occurred 30 msec later than 
at the left ventricle. Thus, the V-RVA interval (30 msec) was 
longer than in the sinus beats (10 msec). 

Figure 2 was recorded during high right atrial pacing ata 
rate of 71/min. The duration of the A-H, H-V, H-RVA and 
V-RVA intervals in all beats was the same.as during sinus 
rhythm (Fig. 1). However, the third ventricular complex 
showed, unexpectedly, a complete left bundle branch block 
pattern (with a QRS duration of 140 msec). This was not a 
fusion between a sinus and an ectopic right ventricular beat 
(occurring at the precise moment that the supraventricular 
impulse was due to arrive-at the ventricles) or between sinus 
and left bundle branch beats because in these cases the re- 
ae QRS complexes would not have been wider (Fig. 3 
[right ). 

It is conceivable that the impulse originated, as in Figure 
1, within the left bundle branch, and was thereafter, unable 
to propagate either in a forward or retrograde direction be- 
yond the affected zone as depicted in the diagram of Figure 
2. Apparently the timing of this “confined” left bundle branch 
extrasystole was such that the refractoriness it created pre- 
vented the oncoming (third) supraventricular impulse from 
traversing the left bundle branch. Thus, pseudo complete left 


bundle branch block occurred because the ventricles were . 


activated through the right bundle branch only. 

In Figures 4 (left), 5 and 6, electrograms were not recorded 
from the His bundle because the corresponding catheter 
electrode was used to pace this structure.? While the His 
bundle was paced (simultaneously with the right atrium) ,1° 
the patient had manifest left bundle branch extrasystoles (Fig. 





FIGURE 7. Case 2. Sinus bradycardia with an ectopic beat arising. 


in the right bundle branch. In this case the interelectrode distance of 
the recording catheter was 1 mm. . 





4, 5 [top] and 6). Moreover, nonconducted (to the ventricles) 
P waves (Fig. 5 [bottom] and 6) and sudden unexpected QRS 
complexes with a complete left bundle branch block pattern 
(Fig. 6) were evident. They probably represented pseudo 
atrioventricular (A-V) block and pseudo complete left bundle 
branch block resulting from different degrees of retrograde 
penetration into the left bundle branch and distal His bundle 
of a left bundle branch extrasystole that was unable to reach 
the ventricles in a forward direction. 

- In summary, this patient had manifest as well as concealed 
left bundle branch ectopic beats, probably parasystolic in 
origin. The latter produced intermittent pseudo complete left 
bundle branch block when confined exclusively to the left 
bundle branch and pseudo A-V block when confined to the 
His-Purkinje system. 


Case 2. Pseudo Right Bundle Branch Block 


A 59 year old woman had symptomatic sick sinus node 
syndrome with occasional atrial and ventricular extrasys- 
toles. 

Figure 7 shows sinus bradycardia (rate 47/min) with an 
interpolated ectopic beat. The duration of the pertinent in- 
tervals in sinus beats was as follows: A-H 75 msec; H-V 45 
msec; P-R 150 msec; QRS duration 95 msec. The extrasystoles 
had an incomplete left bundle branch block pattern (QRS 
duration 115 msec) with almost simultaneous activation of the 
H and V deflections. These findings are consistent with im- 
pulse formation within the right bundle branch.4.11-18 

Figure 8 also shows sinus bradycardia. The duration of the- 
conduction intervals were as in Figure 7, even in the third beat 
which had a complete right bundle branch block configura- 
tion. The bundle branch pattern occurred intermittently and 


- was not related to fluctuations in sinus rate; that is, a tachy- 


cardia- or bradycardia-dependency phenomenon could not’ 
be established. 

In the third beat the H-V EEEN was not prolonged be- 
cause the onset of ventricular depolarization occurred (as in 
the first two beats) in lead II. A false value would have been 
obtained if the V deflection had been measured from the His 
bundle electrogram because, in this beat, the (apparently 
right- sided) ventricular electrogram was delayed (thus oc- 
curring significantly after the beginning of ventricular depo- 
larization) because of the presence of the conduction distur- 
bance. 

Premature His þundle depolarizations were also seen (Fig. 
9). It is thus possible for the right bundle branch ectopic beats 
(probably parasystolic in origin) to have produced pseudo 
complete right bundle branch block when late and confined - 
to the right bundle branch (Fig. 8); and isolated H- deflections 
when early and confined to the larger A-V node—His-Purkinje 
system (Fig. 9). 


Discussion 


The various simple as well as extremely complex 
forms of concealed intraventricular conduction have 
been discussed by Langendorf! and Cohen et al.!4 
Langendorf postulated that concealed impulse forma- 


~ tion with partial propagation within a bundle. branch 


could prevent the transmission of the subsequent im- 
pulses through the affected structure (“pseudo bundle 
branch block”). But as far as we know, actual examples 
of this’ arrhythmia have not been published. That ec- 
topic impulses could remain concealed in the atrio- 
ventricular (A-V) junction to produce an electrocar- 

diographic pattern of A-V block was first suggested by 
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FIGURE 8. Case 2. Sinus brady- 
cardia with a (pseudo ?} complete 
right bundie branch block pattern 
(third QRS complex) that could have 
resulted from a concealed right 
bundle branch ectopic beat. ` 


Langendorf and MehIman!® in 1947 and in 1962 by 
Need and Fisch.!§ In 1970, Rosen et al.,!” using intra- 
cavitary recordings, conclusively showed the mechanism 
by which premature His bundle depolarizations resulted 
in. nonpropagation of subsequent P waves. More re- 
cently other investigators®7,15 have reported cases of 
pseudo A-V block produced by ectopic impulses pre- 
sumably arising in the bundle branches or fascicles of 
the left bundle branch, which remained confined to the 
A-V node-His-Purkinje system. 

It should be stated that the term concealed conduc- 
tion was used in this communication as suggested by 
Watanabe and Dreifus!8 and Cohen et al.14 According 
to these authors, conduction that is manifested in in- 
tracardiac studies should not be considered “concealed,” 
even if it is concealed in the surface leads. A truly con- 
cealed phenomenon, they claim, reveals itself only by 
its effects on subsequent beats (Fig. 2 and 4). 

Pseudo left bundle branch block: In Case 1, His 
bundle stimulation was helpful to elucidate the 
underlying mechanisms. Conventional criteria for se- 
lective His bundle stimulation require that the stimu- 


FIGURE 9. Case 2. Early premature 
His bundle depolarization that could 
have resulted from impulse forma- A 
tion in the right bundle branch with 

confinement to the His-Purkinje (and 

perhaps A-V nodal) conduction 

system. However, a His bundle orl- 

gin could not be excluded. 


lus-V interval and QRS and T wave configuration be the 
same as the H-V interval and QRS and T wave config- 
uration of sinus beats. It has also been suggested?°19 
that identification of the various patterns that may re- 
sult from stimulation through the catheter electrodes — 
located over the septal leaflet of the tricuspid valve is 
enhanced by recording additional atrial and ventricular 
electrograms. Thus, to the classic criteria!° we can add 
that the stimulus-right ventricular apex interval should 
be similar.to the H-RVA interval!9 of sinus beats (Fig. 


_4 to 6). Moreover, combined activation of His bundle 


and atria (Fig. 4 to 6) does not invalidate that the re- 
corded deflection originated in the His bundle.1°!9 The 
findings in Case 1 give further support to previously 
made assumptions regarding the value of His bundle 
pacing®!! and right ventricular apex electro- 
grams. 219,20 

Manifest left bundle brarich beats (Fig. 1 and 4) had 
H-RVA intervals that were slightly shorter than those 
of sinus beats. This slight difference could be due to an 
error in measurement or it could be real. For instance, 
during sinus rhythm the H-RVA interval includes His 
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bundle conduction time. The latter is not included in 
` the H-RVA interval when impulse formation occurs in 
the left bundle branch (or distal His bundle) because 


the His bundle is depolarized (in retrograde fashion) 
while the URDE is traversing the right bundle. 


- branch.!8 


Pseudo right bundle branch block: In Case 2, both 
right bundle branch ectopic beats and the pattern of 
intermittent complete right bundle branch block could 
have resulted from the mechanical effects produced by 
the catheter located over the septal leaflet of the tri- 
cuspid valve.!! However, complete right bundle branch 
block occurring during cardiac catheterization generally 
persists for at least a few consecutive beats and disap- 
pears gradually over a short period of time passing 


+ 





through a stage of incomplete right bundle branch 
block.*! This is in keeping with the natural history of 
traumatic right bundle branch block induced experi- 
mentally in canine hearts.2? 

Nevertheless, one cannot completely exclude the 
possibility that catheter-induced injury of different 
degrees produced the bundle branch block as well as the 
right bundle branch extrasystoles. Moreover, the 
coexistence of both conduction block and impulse for- 
mation might have been. responsible for the confine- 
ment of the ectopic impulse to the affected area of the 
right bundle branch. That the refractoriness created by 
these concealed (catheter-induced) extrasystoles was 
responsible for the pseudo right bundle branch block 
in Case 2 is an intriguing possibility that years? fur- 
ther study. 
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T 


A patient Is described who had intermittent tachycardla-dependent 
combined right bundle branch and left anterior conductlon block (left axis 
deviation) with simultaneous onset and disappearance during observations 
extending over 15 months. Although the site of conduction block could 
not be definitely determined the pathologic and electrophyslologic data 
suggest that there was a lesion in the distal part of the His bundle, pre- 
sumably in fibers already arranged and predestined to supply the right 
bundle branch and left anterior areas. A single lesion at the so-called 
pseudobifurcation or two separate lesions with similar electrophyslologic 
consequences could also account for the observations. 


Electrocardiographic observations during intermittent conduction 
disorders have contributed greatly to our understanding of abnormal 
ventricular activation. Such observations were crucial to the formulation 
of Rosenbaum ‘et al.! of the trifascicular properties of the conduction 
system, a concept that has now been widely accepted in clinical elec- 
trocardiography despite a substantial body of anatomic and electro- 
physiologic evidence suggesting a more complex scheme of ventricular 
activation.2~7 : 
We describe in this report a patient with intermittent tachycardia- 


` dependent combined right bundle branch and left anterior conduction 


block (left axis deviation) of simultaneous onset and disappearance. We 
have chosen the term “left anterior conduction block” rather than left 
anterior hemiblock or fascicular block to avoid the connotation of a 
specific anatomic lesion in the conducting system.’ The intermittency 
of this combined conduction disorder provided a unique opportunity 
to study (1) some of the difficulties in diagnosing right bundle branch 
block complicated by partial block in the left bundle branch system, and 
(2) the limitations of the surface electrocardiogram in interpreting the 
anatomic site of disease. ` ° 


Case Report k ° 


A 68 year old man with a past history of diabetes was admitted to Strong 
Memorial Hospital, Rochester, New York in March 1973 for the evaluation of 
dyspnea and dizzy spells. There was no history of chest pain. Physical exami- 
nation revealed an irregular pulse of 82/min (ventricular extrasystoles), blood 
pressure of 155/90 mm Hg and a faint fourth heart sound at the apex. The chest 
X-ray film revealed mild cardiomegaly. Pertinent laboratory findings included 
values for blood glucose of 687 mg/100 ml and blood urea nitrogen of 27 mg/100 
ml. 

Electrocardiographic findings: Numerous electrocardiograms consistently 
showed normal sinus rhythm with intermittent combined right bundle branch 
and left anterior conduction block (left axis deviation))-8 over a period of 15 
months (Fig. 1 and 2). The combined conduction disorder was. tachycardia- 
dependent and would always appear simultaneously under the following cir- 


. cumstances: (1) spontaneous increase in the sinus rate, that is, at times of anxiety 
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such as during transfer to the coronary care unit; (2) exercise; 


` (3) inhalation of amy] nitrite; and (4) atrial pacing during 


electrophysiologic studies. Conversely, slowing of the heart 
rate during sleep, rest or vagal maneuvers restored normal 
intraventricular conduction; the latter was also restored in the 
long compensatory pause after ventricular extrasystoles. 
The “critical rate” for the appearance of combined block 
varied from day to day within a range of 80 to 130 beats/min. 
Despite these fluctuations, both right bundle branch and left 
anterior conduction block always appeared and disappeared 
simultaneously even after antiarrhythmic therapy with lido- 
caine for a few days and long;term administration of quinidine 
for short runs of ventrioular tachycardia (therapeutic blood 
level of 6.3 mg/liter). Extensive and prolonged electrocar- 
diographic observations and monitoring showed only one beat 
exhibiting incomplete right bundle branch block with a nor- 
‘mal frontal plane axis among thousands of beats showing 


’ combined block (Fig. 2). Sinus bradycardia was repeatedly 


induced with R-R intervals as long as 1,680 msec, but brady- 
cardia-dependent (phase 4) conduction block was never 
seen. ; i t 
Electrophysiologic studies (Fig. 3): His bundle record- 
ings were performed by standard techniques. A bipolar pacing 
catheter was also passed to the right atrium for atrial pacing. 


“At the time of the study the “critical rate” was 125 beats/min. 


‘At an atrial pacing rate of 110/min (cycle length = 550 msec), 
the A-H interval was 80 msec (normal for this particular rate) 
and the H-V interval was 45 msec. When the “critical” rate 
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FIGURE 1. Electrocardiograms. A, normal Intraventricular 
conduction; B, combined conduction block (right bundie 
branch and left antertor conduction block). During normal 
ventricular conduction the duration of the QRS complex 
is 0.08 second and the mean frontal plane axis is 0°. Note 
the Initlal Q wave in lead V; and the tiny Q wave in lead 
V2 consistent with septal fibrosis or an old anteroseptal 
myocardial Infarction. The latter wave persisted when 
lead V2 was recorded one intercostal space above and 
below the standard site. When combined block super- 
vened, the duration of the QRS complex lengthened to 
0.14 second, the mean QRS vector in the frontal plane 
f3, shifted to —45° and the amplitude of the S wave in- 
+: creased In leads Ill and aVF. : 


was reached at a cycle length of 500 msec, stable 2:1 combined 
block developed and it proceeded to 3:1 alternating with 4:1 
combined block when the cycle length decreased to 470 msec. 
Further increases in the pacing rate caused complete com- 
bined conduction block. When the pacing rate was gradually 
decreased, both right bundle branch and left anterior con- 
duction block disappeared simultaneously at a cycle length 
of 540 msec without the intervening partial conduction block 
seen when the atrial rate was gradually increased. The elec- 
trical induction of atrial extrasystoles at variable coupling 
intervals (programmed at 5 msec intervals with a Medtronic 


. 1900 Programmable Stimulator) confirmed the all or none 


relation of the combined conduction block. 

Several continuous Holter recordings subsequently revealed 
brief runs of ventricular tachycardia. The patient’s condition 
improved after therapy with quinidine, 300 mg every 6 hours, 
and he was followed up for about 15 months. A second elec- 
trophysiologic study (with His bundle recordings) 12 months 
later revealed the persistence of tachycardia-dependent 
combined conduction block and inability to dissociate right 


.bundle branch block from left anterior conduction block. 


Vectorcardiography: The vectorcardiograms (Instru- 
ments for Cardiac Research, Inc., Syracuse, New York) ob- 
tained during atrial pacing at slow rates demonstrated rela- 
tively normal intraventricular conduction and, during pacing 
at fast rates, combined right bundle branch and left anterior 
conduction block (Fig. 4). During “normal” intraventricular 
conduction, the initial forces in the horizontal plane traveled 
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FIGURE 2. Simultaneous recordings of leads I! and V4 during siue aria ais tachycardia-dependent combined right bundle branch and 
left anterior conduction block. All three strips are continuous. Note the abrupt onset of marked left axis deviation (as Judged from lead 1) occurring 
simultaneously with the development of right bundle branch block. Both conduction disorders appear and disappear simultaneously. During this 
period of observation, the critical R-R interval for the development of combined block was 840 to 850 msec but, when the sinus rate slowed, normal 
ventricular conduction resumed only when the R-R Interval was Inger than 890 msec. The critical Interval lengthened to as long as 890 msec In 
the compensatory pause after a ventricular extrasystole. Note the 13th QRS complex in the middle strip (closed circle). This was the only QRS 
complex showing incomplete right bundie branch block with a normal frontal plane axis during extensive perlods of observation. This complex 
follows an R-R Interval of 700 msec and would be expected to exhibit the pattern of combined conduction block. A somewhat different P wave 


precedes this unusual QRS complex (see text for detalls). 


posteriorly but returned anteriorly just before the 0.02 second 
vector. This pattern suggests septal fibrosis or an old anter- 
oseptal myocardial infarction. During combined block, the 
loops were identical to the patterns described in right bundle 
branch block and left anterior fascicular block,® and the 0.02 
second vector was now clearly anterior. 1112 

Autopsy: findings: The patient died suddenly several 
months after the second electfophysiologic study and an au- 
topsy was performed. The héart weighed 500 g and manifested 
moderate left ventricular hypertrophy. The coronary arteries 
had moderate atherosclerosis with no greater than 50 percent 
luminal narrowing. f 

The atrioventricular (A-V) node, bundle of His and right 
and left bundle branches were removed according to the 
method of Hudson.!* All blocks were serially sectioned at 7 
u; every 19th, 20th and 21st section was mounted: on glass 
slides. Every 20th section was stained with hematoxylin-eosin; 
the remaining slides were used to stain for elastic and con- 
nective tissue when indicated. 

The following pathologic changes were observed in the A-V 
conduction system: Two branches of the A-V nodal artery 
showed elastic lamina fragmentation and reduplication and 
marked intimal proliferation with almost completé luminal 


occlusion at some sites. Slight intimal proliferative change was 
also noted in an artery in the bundle of His (Fig. 5A). Slight 
diffuse fibrosis of the A-V node ‘was seen, and there were 
patchy areas of vacuolar degeneration and loss of nodal cells 
accompanied by a lymphocyte and macrophage infiltrate. 
Similar changes, that is, degeneration and loss of-conducting 


_ cells, slight interstitial fibrosis and focal chronic inflammatory 


cell infiltrate, were present i in-the bundle of His (Fig. 5B). The 
origin or neck region of the most posterior segment of the left 
bundle branch showed extensive fibrosis, loss of conduction 
fibers and focal lack of continuity between the His bundle and 
the left branch. The more anterior segments of both the left 
and right bundle branches showed no histologically obvious 
abnormalities. 


Discussion 


Our case satisfied the accepted criteria for the diag- 
nosis of right bundle branch block with left anterior 
conduction block.!! A Q wave in lead I may occasion- 
ally be absent in such combined block and was perhaps 
due to septal fibrosis in our case.9:19 The establishment 
of precise criteria for the diagnosis of combined block 
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R has been hampered by recent investifations~? chal 
` Jenging the validity of Rosenbaum’s assumption that 
‘the anterior and. posterior divisions of the left bundle 


` branches are generally: anatomically: ‘and. physiologically”. _ 

x independent. There is also no ‘clear-cut agreement about . 
which portion of the early QRS forces should. be used ` 
‘to determine the frontal plane axis.in the presence of a 


right bundle branch’ block. In addition, the existence, 


, 3 recently documented, of incomplete degrees of left an- ` ` 
terior conduction block!4 makes it almost impossible. 
: to know when a shift of the frontal plane axis indicates aS 


“a a significant disturbance in conduction...” 


~ Previous reports!®8 of the simultaneous í occurrence: , 
: ‘of intermittent right bundle branch block with left an- ` 


terior conduction block’ were poorly documented. 


“J Phenomena such asa ventricular or fascicular rhythm 


"FIGURE 3. Bundle of His electrograms with atrial pacing, 


showing normal intraventricular conduction. A-H interval 
= 80 msec and H-V Interval = 45 msec. B, cycle length 
= 500 msec; A-H Interval = 80 msec and H-V Interval = , 
45 msec. Note the appearance of 2:1 combined block. 
C and D, when the cycle length was shortened to 470, 
« mec, 3:1 and 4:1 combined block occurred (D). This 


’ . at a slower rate) rules out Inapparent (4:3 or.5;4) type 1 
‘block. Further’ shortening of the cycle length caused 
. + €@pparent complete combined block (C). The H-V interval 
- _ remained constant at 45 msec. HBE = His bundle elec- 

: Mogren T= time linos: ‘ E 


r 


p saad explain some. oi the abiau ada in ‘one ` 


case! the vectorcardiogram in the frontal plane during. 


normal conduction suggests some degree of preexisting. 
‘left anterior conduction block before the onset of right 


bundle.branch block.19 : 
- Changes in the frontal plane axis durig intar- 


. _mittent right bundle branch block: To evaluate the _ 
. . pattern of combined right, bundle branch and left an- ` 


terior conduction block and to develop’ criteria for its: 
diagnosis.one must know the effect of pure right bundle 


. branch: block ‘on. the irigtantaneous and mean QRS. 
forces. Penaloza et al. induced transient right bundle ..- ’ 
, branch block during right heart catheterization in man ` 


and demonstrated that the earliest changes generally 


occurred beyond the first 0.04 second of the QRS com-' ` 
u. plex. Recently Vera et al. 21 confirmed these obgerva- - 


r 
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A, atrial pacing at a cycle length (CL) of 550 msac 


résponse to a faster rate (after the production of 2:1 block eg 





4 k 
FIGURE 4. Vectorcardiograms. A, during normal Intra- 
ventricular conduction the QRS complex lasts 85 msec. 
The Initial forces in the horizontal (H) plane polnt poste- 
rlorty but the loop quickly shifts anteriorly so that the 0.02 
second vector is just anterior to the E point. The loop then 
rotates in a clockwise fashion. The frontal (F) plane loop. 
travels In a clockwise fashion with the Initial forces 
slightly to the right and superiorty. The mean frontal plane _ 
vector is 35°. B, during combined conduction block the 
total QRS. duration lengthens to 140 msec. In the hori- - 
zontal plane the initial forces travel anteriorly and then 
continue In a clockwise manner. The 0.02 second vector 
is now clearly anterior. In'the frontal plane the Initlal. 
forces are inferior and to the left but turn quickly'super- Z > 
orly to form a loop with counterclockwise Inscription 
-consistent-with “left anterior hemiblock.” There is ter- 
minal conduction delay to the right, anteriorly and supe- 
riorly, typical of right bundle branch block. S = sagit- 
tal. ‘ i ; 


‘tions and also demonstrated that the development of 
transient right bundle branch block during cardiac 


catheterization does not significantly change the QRS © 


axis in the frontal plane. Development of right bundle 
` branch block in 28 patients was associated with an av- 


erage shift of the QRS axis 10° to the left and 20° tothe . 


right, and in only one patient the QRS shifted markedly 
to the right by 80°. These workers therefore concluded 
that a superior (left) axis during right bundle branch 
block implies an associated left anterior: conduction 
disorder. Rosenbaum. et al.!9 also demonstrated that 
during intermittent right bundle-branch block, the 


mean QRS axis usually shifts to the right or remains. 


unchanged but when the axis is initially superior (up to 
--30°), it may shift slightly more superiorly with the 
onset of right bundle branch block. On the basis of their 
observations and review of published data, Rosenbaum 
- etal.!9 also concluded that a right bundle branch block 


in the absence of “left anterior hemiblock” rarely shifts _ 
the mean frontal plane axis superiorly and, if it does, the z 


superior shift would be very slight. 
All this evidence suggests that our case with 4 pike 


superior axis shift at the onset of tight bundle branch ` 
block truly represents left anterior conduction block.. 
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The P wave preceding the only “dissociated” beat (13th 


i complex in the middle strip of Fig. 2) is somewhat dif- 


ferent but difficult to evaluate. This beat may be a late 
atrial extrasystole not resetting the sinus node,” a sinus 
_ beat with baseline drift or a ventricular fusion beat. If 
` the beat indeed is supraventricular, this finding strongly 
suggests that an-isolated conduction block in the right 
bundle would not have significantly altered the frontal 
‘plane. 

Anatomic site of conduction block: Block at one 


` or more.of the following sites could explain the elec- 


trocardiograms: (1) at two separate lesions with similar 
electrophysiologic consequences in the right bundle and 
the left, anterior fascicle; this possibility appears highly 
unlikely because longitudinal observations over a period 


` of 15 months would suggest lesions with absolutely 


_identical physiologic characteristics; (2) at a single lesion 
on the so-called pseudo-bifurcation?3s and (3) within the 
_ distal portion of the His bundle in fibers already ar- 
ranged and predestined to supply the right bundle 
branch and left anterior areas.2425 Autopsy showed 
pathologic changes in (1)-arteries of the A-V node and 
bundle of His, (2) A-V nodal and His bundle conducting 
tissue, and (3) the neck region of the posterior part of 


October 1977 “The-Amerlcan Jourrial of CARDIOLOGY Volimé 40 ` 651.4 












ra 


Aiel n 
sA j Ny Bs Ae 
oS ae AE 
EN AVS Oe $ 
> giy 





the left bundle branch. The vascular changes are con- 
sidered nonspecific -in the sense that they have been 
described in association with several different types of 
clinical problems and conduction defects and are ap- 
parently unrelated to coronary arterial atherosclero- 
sis.26-29 Although none of the anatomic findings can 
clearly explain the electrocardiographic observations, 
it appears reasonable to propose that the obstructive 
vascular process produced not only small ischemic le- 
sions, but perhaps also episodic reversible ischemia of 
conducting tissues. 
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FIGURE 5. Histologic sections. A, high 
interventricular septum (IVS) with 
bundle of His (BH) and origin of left 
bundle branch (LBB). The septum 
shows prominent fibrosis; focally, some 
of the Interstitial material stains as 
amylold. There is fibrosis of the neck 
region (origin) of the left bundie. There 
is slight intimal proliferation of an artery 
In the bundie of His and there are 
patchy areas of loss of cells and fibro- 
sis (arrows). (Pentachrome connective 
tissue stain X40 reduced by 23 per- 
cent.) B, bundle of His. There is vacu- 
olar degeneration and loss of cells ac- 
companied by a mononuclear cell In- 
filtrate. Connective tissue stain of an 
adjacent serlal section shows Interstitlal 
fibrosis in this area. (Hematoxylln-eosin 
X 160, reduced by 24 percent.) 


Physiologically a lesion in the distal His bundle 
appears the most plausible explanation for the elec- 
trocardiographic findings for the following reasons: (1) 
There is substantial experimental evidence suggesting 
that lesions in the distal part of the His bundle may give 
rise to electrocardiographic patterns of bundle branch 
block or intraventricular conduction block242530-86, and 
(2) the consisterit simultaneous appearance and dis- 
appearance of combined block over 15 months (with the 
exception of one impulse documented in Fig. 2) strongly 
indicates a single lesion. 
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| Isolated Left Anterior Descending ee S Disease: 


Ghoice of Therapy” 


ZAINUL ABEDIN, MD, FRCP(C) 
SIMON DACK, MD, FACC 


New York, New York 


Various studies on the natural history of coronary artery 
disease have demonstrated that the prognosis of the 
disease is directly related to its severity and to the de- 
gree of associated left ventricular dysfunction as defined 
primarily with coronary angiography and ventriculog- 
raphy.!-® Two and three vessel coronary artery disease 
and stenosis of the left main coronary artery appear to 
have a poor prognosis, and the 5 to 10 year outlook is 
-. even worse when they are associated with factors such 
as left ventricular dysfunction, abnormal electrocardi- 
ogram, hypertension, cardiomegaly and congestive heart 
failure.1-15 

The natural history studies have also shown that 


patients with single vessel coronary artery disease have ` 


a better 5 to 10 year survival rate than patients with 
‘ double or triple vessel disease.!-258 However, their 
` prognosis appears to differ according to whether the 
vessel involved is the left anterior descending, left cir- 
. cumflex or right coronary artery.!:257-9 In view of the 
surgical implications, we will examine the hypothesis 
~- that significant disease isolated to the left anterior de- 
scending coronary artery is more lethal than any other 
single vessel coronary disease. This will be examined 
with three approaches—myocardial infarction studies, 
angiographic data and data. on surgical versus medical 
treatment. 


` Myocardial Infarction Studies 


Mortality and morbidity are known tb be greater after 
anterior wall infarction (myocardium supplied by the 
left anterior descending artery or its branches) than 
after inferior wall infarction (myocardium supplied by 

` the right coronary artery or branches of the circumflex 
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York 10029. 


artery). For more than 40 years, clinicians have noted 
that early mortality and incidence of congestive heart - 
failure were almost twice as great-in anterior as in in- 


ferior wall infarction.1&-18 In a recent international 


study!® on practolol, 3,038 patients recovering from 
acute myocardial infarction were studied. In the group 
receiving placebo, 48 of 768 patients with anterior in- 
farction and 25 of 476 patients with inferior infarction 
died, a significant difference. There were 33 sudden 
deaths in the group with anterior infarction but only 19 
in the group with inferior infarction. The most signifi- 
cant difference appeared within the first month after 
entry into the trial, when 19 deaths occurred among 
patients with anterior infarction and only 1 death 


‘among those with inferior infarction. Hamby et al.?° 


noted that congestive heart failure was twice as common 
(21 versus 11 percent) in 52 patients with-complete oc- 
clusion of the left anterior descending coronary artery 
without collateral vessels as in 44 patients with complete 
occlusion of the right coronary artery without collateral 
vessels. Cardiomegaly and ventricular conduction 
blocks are also reported to be more common in patients 
with anterior myocardial infarction.?1.22 

Liberthson et al. found that of 42 patients who 
survived an out of hospital episode of ventricular fi- 
brillation, were hospitalized and then discharged, 12 
died suddenly during the follow-up period. Of these 12 
patients, 4 had anterior wall infarction and 4 had an- 
terior wall ischemia; none had evidence of inferior wall 
infarction or ischemia. Angell and Griffith?4 reported 
angiographic studies in 79 patients who survived sudden 
arrhythmic death (ventricular fibrillation or ventricular 
tachycardia). The left anterior descending or the left 
main coronary artery, or both, was involved in 76 of the 


79 patients, and in 14 of the 15 patients with only single 


vessel disease the obstruction was isolated to the left 
anterior descending artery. It was concluded that an- 
teroseptal ischemia or injury secondary to left anterior 
descending coronary artery disease is an important 
cause of ventricular fibrillation or tachycardia. Dhur- 
andar et al.” also noted that primary ventricular fi- 


* Editorials published by the Journal reflect the views of the authors and do not necessarily, 
represent the views of the Journal or of the American College of Cardiology. 
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brillation was approximately twice ag frequent in pa- 
tients with anterior as in those with inferior myocardial 
infarction. In a more recent study, Moss et al. reported 
* that anterior infarction was more common (60 percent) 
than inferior infarction (24 percent) among 42 patients 


with myocardial infarction who died within 6 months 


of hospital discharge (the majority suddenly). 


Insights Obtained With Angiography 


A second approach is to evaluate the natural history 
of isolated disease of the left anterior descending, right 
and circumflex coronary arteries as defined with angi- 
ography and ventriculography. Webster and Moberg 
and their colleagues®’ reported a 6 to 11 year follow-up 
study of 178 patients with 80 to 100 percent occlusion 


of a single coronary artery. The yearly attrition rate was ° 


4 percent for patients with disease of the left anterior 
descending artery and only 2.3 percent for those with 
disease of the right coronary artery. Among the former 
group, there was only a minor difference if the lesion was 
proximal or distal to the major septal perforating branch 
(36 versus 27 percent). Of 10 patients with 100 percent 
obstruction of the left anterior descending artery, 4 with 
faint or no collateral vessels died, whereas 6 with un- 


‘compromised collateral vessels survived. Lichtlen and - 


Moccetti® reported their experience in 83 patients with 
single vessel coronary artery disease followed up for 32.5 
months. Ten percent of these died during the follow-up 
period. The 24 patients with disease limited to the left 
anterior descending artery had a higher mortality rate 
(20 percent) than the 35 patients with isolated right or 
left circumflex coronary artery disease (8 percent). 


Bruschke et al.! reported a 17.3 percent 5 year mortality - 


rate (3 percent a year) among patients with single vessel 
coronary artery disease. The rate was higher (4 percent 
a year) in those with a lesion involving the left anterior 
descending coronary artery. The 5 year cardiac mor- 
tality rate in patients with single vessel coronary artery 
disease and associated moderate (less than 50 percent) 
obstruction in other arteries was 23.4 percent. 
Humphries et al.* followed up 32 patients with single 
vessel disease for 5 to 12 years; 24 had isolated left an- 


terior descending coronary artery disease, and only 2 - 


of these died during the follow-up period. In this series, 
the 5 year cardiac mortality rate in patients with 
single vessel disease was lower than that recorded by 
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others.!-2:5.7 This difference may have been related in 
part to patient selection; 40 of their patients were 
eliminated from the study because of surgical inter- 
vention, and some of these may have had single vessel 
disease. Oberman et al.? reported a 5 year follow-up 
study of 46 patients with single vessel disease, 2 of whom 
(4 percent) died during the first 20 months. Discrimi- 

nant function analysis of important variables revealed 
that left anterior descending coronary artery disease was 
an important predictor of mortality. Burggraf and 
Parker? reported on a 1 to 10 year follow-up study of 101 
patients with significant angiographically documented 
single vessel coronary artery disease. In 50 percent of 
the group the disease was confined to the left anterior 
descending artery; the 5 year survival rate in this group 
was 87 percent compared with 98 percent for those with 
isolated right coronary artery disease and 99.4 percent 
in subjects with a normal coronary arteriogram. 

In an attempt to draw more meaningful conclusions, 
we have combined the results of five of these stud- 
ies!.5,7.8 on survival in single vessel coronary artery 
disease (Table I). Although the total observed morel 
was greater in the group with left anterior descending 
coronary artery disease, mortality rates did not differ 
significantly in any individual study among patients 
with left anterior descending or left circumflex or right 
coronary artery disease (P >0.40 in all studies). How- 
ever, when the average difference in the rates of these 
five studies is examined, the average mortality rate in 
left anterior descending disease was almost 3 percent 
a year higher than in left circumflex or right coronary 
artery disease (t4 = 1.68, 0.1 <P <0.2). Thus the com- 
bined data support the observed trend. 


Surgical Versus Medical Treatment 


Most studies comparing medical and surgical treat- 
ment have the drawback of not being prospective and 
randomized. Sheldon et al.!5 reported a 8 to 7 year fol- 
low-up study of 741 patients with coronary artery dis- 
ease subjected to a bypass graft operation. Survival in 
this surgically treated group was then compared with 
survival in a group previously studied between 1960 and 
1965 before the development of graft surgery. The an- 
nual attrition rate among the surgically treated patients 
with single vessél disease was 2.4 percent compared with 
3.5 percent in those not surgically treated. Among those 








TABLE | 3 
Comparison of Mortality Rates In Isolated Left Anterlor Descending, Left Circumflex or Right Coronary Artery Disease 
Left Anterlor Descending Left Circumflex or Right 
Coro Arte Coronary Art 
Duration of Cases Deaths ; AA Cases Deaths Deaths/Yr Difference 
Authors Follow-up (yrs) (no.) (no.) (%) (no.) (no.) (%) Z 
Moberg et al.” 7 36 11 4.4 48 6 1.8 2.6 0.70 <0.52 
Lichtien and Moccetti® 2. 24 5 7.7 35 2 2.1 5.6 1.03 <0.70 
Bruschke et al.' 5 77 -21 5.5 126 23 3.6 1.9 065 <0.48 
Burggraf and Parker? 5 51 6 2.3 50 1 0.4 1.9 0.82 <0.59 
Webster et al.5 6 89 4.1 77 11 2.4 1.7 0.58 <0.44 
t, = 1.68,0.1< P< 0.2 





t4 = Student's t test with four degrees of freedom. 
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with left anterjor descending artery disease, the surgi- 
cally treated patients survived longer (annual attrition 
rate 1.7 percent) than those treated without surgery 
(annual attrition rate 4.8 percent). 

Kouchoukos et al./4 reported the results of surgical 
versus medical treatment of isolated left anterior de- 
. scending coronary artery disease. Twenty-nine surgi- 
cally treated patients were followed up for 31 months. 


There were no operative or early postoperative deaths. 


_ The late cardiac mortality rate was 6.9 percent (yearly 


attrition rate 2.7 percent). The early postoperative ` 
_ myocardial infarction rate was 10 percent and the graft 


patency rate was 68 percent. Twenty-four patients were 
treated medically and followed up for 45 months. There 
` were no cardiac deaths and only one patient had myo- 
cardial infarction. The authors concluded that surgical 
treatment is more effective than medical treatment in 
relieving angina and improving exercise performance; 


howevér, it did not enhance the already favorable . 


prognosis of the medically treated group. This is an 
- important study that attempted to answer the question 


of selection of therapy for patients with isolated left - 


anterior descending coronary artery disease. However, 
the patients in the medical and surgical groups were not 
identical as in relation to site, severity and extent of 
disease in the left anterior descending coronary artery. 
Thus, the following points need further elaboration: (1) 
More patients in the surgical than in the medical group 
-had additional narrowing of 50 percent or less of either 
~ the left circumflex or right coronary artery. It-has been 
shown!” that mortality in patients with single vessel 
disease is greater when there is associated (but less than 
50 percent) obstruction in other vessels. (2) Total oc- 
clusion of the left anterior descending coronary artery 
was more than twice as: common in the medically treated 
as in the surgically treated patients. Although Kou- 
choukos et al. did not consider this difference impor- 
tant, patients with a completed lesion are not at risk of 


sudden occulsion of this vessel with its devastating - 


complications. (3) More patients in the medical than in 
the surgical group had lesions distal to the first diagonal 
branch of the left anterior descending coronary artery., 
Hence, it is possible that the amount of myocardium in 
jeopardy beyond the distal lesion is relatively small and 
thus, if infarction occurs, there will be less morbidity 
and mortality.22%° This finding may explain the 
seemingly more favorable prognosis in the medically 
treated patients in ‘this series. (4) In the surgically 
treated group subsequent (late postoperative) cardiac 
events such as myocardial infarction or death were not 
necessarily related to anterior myocardial infarction or 
to occlusion of the bypass graft to the left anterior de- 
scending artery. If those patients who subsequently had 
right coronary artery or circumflex artery disease or died 
of posterior infarction are excluded, then even in this 
series the surgically treated patients with isolated dis- 
ease of the left anterior descending coronary artery have 
shown no early or late (31 months) cardiac mortality. 
(5) As Mathur” pointed out, the exercise tolerance time 
in the study of Kouchoukos was 50 percent longer in the 
medically treated than in the surgically treated patients. 


In addition, only half of the patients in the medical - 


group had angina as a limiting factor during exercise 
testing. Thus, there may have been better myocardial 


perfusion through collateral vessels or for other reasons , . 


in the medical group. 


Problems and Possible Solutions 

A major problem is the lack of uniformity in assessing ` 
the significance of a given coronary arterial lesion. 
Different studies have used different criteria for se- 
lecting patients. Some! have included patients with 50 
percent or more narrowing of coronary arterial luminal 
diameter. Others!516 have accepted only patients with 
70 percent or more narrowing and still others® have 
excluded patients with less than 80 percent narrowing. 
These: differences make it difficult to compare and 
evaluate the results of published studies. . 

A second major problem is that patients with single 
vessel coronary artery disease at the time of entry into 
the study may later have double or triple vessel in- 
volvement. Thus, their prognosis and outcome may 
change. An urgent problem, therefore, is finding ways 
to identify the progression of disease during follow-up 
study short of repeat coronary angiography. 

Lastly, it is important-to identify various subgroups 
of patients with an isolated significant lesion of the left. 
anterior descending coronary artery according to clinical 
status, site and severity of the lesion and presence or 
absence of hypokinesia or akinesia. 

An asymptomatic patient with complete (100 per- 
cent) obstruction of the left anterior descending artery 
with excellent collateral vessels or with an akinetic scar 
in the distribution of this artery may not derive as much 
benefit from bypass surgery as a symptomatic patient 
with a significant isolated proximal left anterior de- 
scending lesion without collateral circulation and with 
normally contracting myocardium in the distribution 
of this artery. Such subgrouping of patients will be 
useful in planning prospective studies in an attempt to 
evaluate the benefits and risks of medical and surgical 
therapy. It is also essential that these groups not be 
mixed with one another. A prospective and randomized 
study, in which large numbers of patients with an iso- 
lated significant left anterior descending coronary ar- 
terial lesion would be treated medically or surgically and 
followed up for 5 to 10 years might provide a decisive 
and meaningful answer. 

In conclusion, on the basis of the foregoing discus- 
sion, the following points emerge: (1) There are various 
subgroups among patients with isolated significant left 
anterior descending coronary artery disease depending 
on the site and severity of the lesion and amount of 
myocardium in jeopardy. The natural history of these 
subgroups varies. (2). Not all patients with an isolated 
left anterior descending lesion, irrespective of severity, 
site of lesion and left ventricular wall motion charac- 
teristics, will benefit from bypass surgery. (3) Because 
the purpose of performing bypass surgery is to prevent 
myocardial infarction, alleviate angina and prolong life, 
the aim should be to achieve low rates of surgical mor- 
tality and perioperative infarction and a high rate of 
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patency of the bypass graft. For a single left anterior 
descending artery bypass, a competent surgical team 
should be able to achieve an operative mortality rate of 
, less than 1 percent, a perioperative myocardial infarc- 
tion rate of less than 4 percent and a patency rate of the 
bypass graft of more than 90 percent. Provided that 


such low morbidity and mortality rates can be achieved, 


it is logical'to anticipate that surgical therapy will 
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benefit 4 subgroup of symptomatic patients with an 


isolated proximal lesion of the left anterior descending 
coronary artery, without collateral vessels and with 
normally contracting myocardium in its distribution. 
We believe that this can be achieved with available 
surgical skill and techniques, particularly when an in- 
ternal mammary artery graft can be used, and recent 
reports®!-83 have shown encouraging results. 
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Threshold measurements are essential for evaluation 
.of a pacemaker system and should be routine during 
placement of permanent or temporary pacing leads, at 


the time of pulse generator replacement and during 


physiologic and pharmacologic studies of cardiac exci- 
tation. Unfortunately, since the beginning of artificial 
cardiac pacing, there has been disagreement about the 
clinical meaning of threshold and the proper means: of 
measuring and expressing it. 

. Definition of threshold and factors influencing 
it: The Pacemaker Standard Subcommittee of the As- 


sociation for the Advancement of Medical Instrumen- 


tation defines stimulation threshold as “the minimum 
stimulation level consistently producing propagated 


cardiac depolarizations.”! In other words, threshold is. 


the smallest amplitude of a pacing stimulus that con- 
sistently evokes cardiac excitation. Threshold is im- 
‘portant because it defines the minimal output required 


of a pacemaker with fixed output and therefore reflects . 


the reserve or safety factor when the output of the 
pacing system is known. In the early days of cardiac 
pacemakers, threshold was poorly understood by en- 
gineers and clinicians and it.took years to evolve the 
concept that threshold may change acutely with the 
passage of time. Most of the complexity and importance 
‘of threshold lies in its dynamic nature, changing after 
acute electrode implantation, with electrode displace- 


-ment, lead breaks, myocardial injury or infarction and ` 


certain pharmacologic. and physiologic alterations. 
Multiple electrobiologic factors also influence threshold. 


These include impedance (resistance) of the leads from 
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pulse generator to electrodes, surface area, configuration 
and material of the electrodes; the polarization over- 
voltage at each electrode-tissue interface (the very thin 
layer between electrode and tissue or fluid); the thick- - 
ness of the layer of nonexcitable tissue (reflecting the 
effective electrode-myocardial interface) surrounding 
the stimulating electrode; the characteristics of the 
pacemaker pulse and the responsiveness of the excitable l 
tissue. 

Nonuniformity of measurements of threshold: In 
discussing threshold of cardiac excitation, different 
investigators have used almost every variable applicable 
to the description of an electrical stimulus. Use of widely 
different variables has led to confusion and considerable > 
difficulty in evaluating published data and, in partic-. 
ular, has hampered the comparison of various electrode 
systems. Current (milliamperes [ma]) is the variable 
most widely used in reporting threshold, but voltage 
(volts),2-® energy (microjoules),78 charge (microcou- 
lombs),? current density (ma/cm?)*! and impulse 
duration (msec)! also have been used. Use of pulse 
wave forms of varying configuration and measurement 
of current or voltage at different times during the pulse 
(leading edge, 0.5 msec from the leading edge, mean 
value and so forth) have further added to this nonuni- 
formity. The impedance value (a derived ratio of voltage 
to current) can therefore vary according to the method 
of calculating current and voltage. Pacemaker manu- 
facturers have recently perceived the need for more 
order in such calculations and have released various 


` threshold analyzers designed to simplify threshold 


measurement. However, there is some risk that these 
helpful testing systems may further compound the 
problem because they use different standards and 
variables and therefore may not yield exactly compa- 
rable readings of the same measurement. This chaotic 
situation is largely an outgrowth of the nonuniformity 
of pulse generators and electrodes and the different 
applications of threshold measurement. Furthermore, 
the lack of standardization and the loose and sometimes 
erroneous interpretation of pacemaker wave form no- 





aes Editorials published by the Journal reflect ‘the views of the authors and don not necessary 
represent the views of the Journal or of the American College of ee 


658 October 1977 The American Journal of CARDIOLOGY Volume 40 








menclature (constant current, constant voltage, cur- 
rent-limited, voltage-limited, and so forth) have also 
impeded clarification of these problems. . 

Central to the difficulty of measuring threshold is the 
“nonuniformity of impedance between the electrodes 
with changes in pulse amplitude or duration. This is a 
result of the effect of polarization,!® the voltage due to 
the electrochemical reaction present at every elec- 
trode-tissue interface. The voltage loss across the po- 
larization interface is a function of the electrode surface 
area (inversely proportional),!°!2 pulse width (increases 
for wider pulses)? and the current amplitude (propor- 
tionately greater for lower current).1°!8 In other words, 
the varying impedance during delivery of the pacemaker 
pulse means that voltage and current cannot maintain 
_ a constant linear relation when there is a change in any 

one of the variables of the stimulating output pulse. For 
this reason threshold measurements in volts cannot be 
compared with measurements in current (ma); this is 
especially true if the pulse width is different. Also, in 
comparing one electrode system to another, impedance 
levels may vary so widely that a standard 5.4 volt pulse 
generator may deliver 15 ma to one electrode system but 
only 5 ma to a different electrode system. Thus, a 
threshold measurement of 1 ma may be very good for 
one system but very poor for another. Consequently, the 
lack of standardization and the inability to make 
meaningful comparisons of many of the measurements 
necessitate the use of more uniform and clinically rel- 
evant methods of measuring threshold. 

Threshold measurements: Accurate threshold 
evaluation requires measurement of four variables: 
voltage, current, pulse duration and pulse wave form. 
In a clinical setting pulse wave form is difficult to 
measure, and we assume that for purposes of sequential 
threshold comparisons the wave form does not change. 
However, sequential threshold measurements, reported 
in voltage or current, or both, are not valid unless both 
the pulse wave form and the pulse duration are the same 
for all successive measurements. It is especially neces- 
sary to specify pulse duration in all threshold mea- 


surements because time is as important a constituent - 


of a pulse as voltage or current. Ideally, voltage, current 
and pulse duration should be included in all threshold 
measurements, and for purposes of comparison all 
threshold measurements should be at the same pulse 
duration. Especially in the research setting, all three 
variables are essential. Although we urge that the same 
three variables be used in clinical threshold measure- 
ments and that physicians become familiar with the 
electrophysiology involved, we recognize that the clin- 
ician often wishes to measuré threshold with a single 
- variable such as voltage or current. We therefore em- 
phasize the single measurement most important for the 
different types of threshold measurement. 

1. Myocardial responsiveness: This threshold is best 
measured with a constant-current pulse generator. If 
one considers only the responsiveness of the myocardial 
tissue, threshold is directly related to current density,!° 
and for a given electrode system current is the only 
measurable variable that is directly and linearly related 
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to tissue threshold.1°!4 We therefore recommend 
measurement of current (ma) during’ experimental 
testing of myocardial threshold changes due to drug or 
physiologic alterations (pulse wave form and duration 
must be kept constant). 

2. Safety margin: The second type of threshold 
measurement defines the safety margin between the 
threshold of excitation and the pulse generator output.. 
This is the measurement of clinical importance and is 
used for electrode positioning and estimation of the 


- safety factor at the time of pulse generator‘replacement 


(short- and long-term threshold, respectively). We 
suggest that the most important variable of this mea- 
surement is voltage. In all measurements the pulse wave 
form and duration should be identical to that of the 
pulse generator. to be implanted. The voltage threshold 
is preferable to the current threshold for several reasons: 
(1) The proper voltage threshold at a given pulse du- 
ration is relatively unaffected by electrode surface area, 
whereas the acceptable current threshold varies 
markedly with electrodes of different surface 
area.12,15-17 (2) The rated voltage output of an implan- 
table pacemaker is the voltage that will actually be ap- 
plied to the electrodes. In contrast, the rated current of 
an implantable pacemaker is measured at the factory 
across a 500 ohm resistor, but the actual current de- 
livered by the pulse generator depends on the inter- 
electrode impedance. A physician about to implant a 
pulse generator rated at 10 ma may falsely assume that 
a 1 ma threshold is acceptable when in reality the actual 
current from the implanted generator may be only 4 ma 
because of a relatively high level of impedance. (3) A 
defective lead with high impedance level may have a 
normal current threshold, but an abnormally high 
voltage threshold. However, voltage threshold mea- 
surements alone cannot differentiate lead malposition 
from fracture.!8 In lead malposition impedance (ratio 
of voltage to current) is normal, whereas in lead fracture 
impedance is often very high (greater than 1,000 ohms). 
Therefore, in correcting a nonfunctioning electrode, 
both voltage and current thresholds are necessary. (4) © 
Implantable pulse generators today, including the new 
lithium units, are predominantly voltage sources. Even 
“constant current” pulse generators (such as the Cordis 
pulse generators) function as constant-current sources 
at relatively low impedance levels, whereas they behave 
as constant voltage sources at higher impedance levels 
seen with the small surface area (high impedance) 
electrodes now favored by most investigators. 
Recommendations: On the basis of the foregoing 
discussion we strongly suggest that the routine clinical 
measurement of threshold should always include volt- 
age, with the pulse width also specified. It is useless to 
measure threshold at one pulse duration and attempt 
to compare it later to a threshold measured at another 
pulse duration. In this country, threshold traditionally 
has been measured with external constant current 
generators and reported in milliamperes, and many 
physicians are not accustomed to voltage measurement. 
We recommend that the acute voltage threshold should 
be 15 percent or less of the output delivered by the im- 
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planted pulse generator. Most generators have an out- 
put of about 5 ¥, so that the acute threshold should be 
0.75 to 0.8 v or less, as measured by an external pace- 
maker set at the same pulse width as the unit to be im- 
planted. For pulse generator replacement with chronic 
_ stable electrodes, the chronic threshold should be less 
than 70 percent of the voltage (at the same pulse width) 
of the pulse generator to be used for replacement. These 
-values are based on known increases in threshold after 
implantation®*!7 and spontaneous threshold variations 


with long-term stable electrodes.!®!9 Measurement of ` 


current simultaneously with voltage is helpful in‘as- 
sessing lead integrity with the calculation of impedance. 
The current delivered by the testing (constant-voltage) 
device should closely reflect the actual current delivered 
by the implantable (constant-voltage) generator if the 


“output circuits of both pulse generators are similar.. 


_ Several commercially available threshold analyzers are 
capable of performing these measurements quite sim- 
ply, and we encourage their routine use. 

In conclusion, pacing threshold measurements have 
been nonuniform and noncomparable because of the 
great number of variables used to define threshold as 





well as the complex nonuniform nature of the inter- 
electrode impedance. Although simplification ia a 
commendable goal, advances in stimulation electro- 
physiology should not necessarily lead to the conclusion 
that we must continually simplify measurements. In- ` 
deed, at this point in our knowledge oversimplification 
seems inappropriate and may do more harm than good. 
Rather, the practitioner must be willing to learn at least . 
the rudiments of pacing electrophysiology. This is 
particularly important because he should be able to 
appreciate or compare the performance of a large vari- 
ety of increasingly complex.pacemaker systems. There 
is need for provocative discussions about the various 
methods of threshold measurements as well as no- 
menclature of pacemaker wave forms. In the meantime, 
in an attempt to standardize threshold measurement 
and produce results that are clinically relevant and re- 
liable, we recommend that all clinical thresholds for 
permanent pacing be measured primarily in volts, with 
the pulse duration always specified. It is logical and 
important to measure threshold with a pulse generator 
delivering a wave form and pulse duration identical to 
those of the pulse generator to be implanted. 
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Members of the College frequently ask ` 


how sites for our ACC Annual Scientific 
Sessions are selected and the manner in 
which the Scientific Program itself is 
formulated. Many factors must be con- 
sidered in the choice of an appropriate 
meeting locale. The growth and success 
of the College over the past two decades 


have necessarily made site selection | 


more difficult each year because of the 
increasing number of registrants (2,417 
In 1966 progressively increasing to 
11,226 in‘ 1977) and the greater com- 
plexity of program structure in size, quality 
and varlety of educational offerings. The 
College staff must now take Into account 
several major requirements for our annual 
meeting. Concerning housing, there must 
be approximately 6,500 sleeping rooms 
in close proximity to the meeting and ex- 
hibit facilities. Exhibits require at least 


150,000 square feet near the meeting 


rooms. 


The Scientific Function Rooms in the . 
meeting complex are perhaps the most ` 


difficult requirement. There must be six 
areas for concurrent General Sessions to 


be utilized throughout the day for at least 


four consecutive days: two rooms each to 
accommodate 3,000 to 4,000 attendees, 
two rooms for 1,000 persons and two 


- rooms for 600 or more. in addition, 10 to 
15 rooms seating 200 to 500 people each 
are needed for the simultaneous Lun-. 


cheon Panels. For the Meet-the-Expert 
sessions, six concurrent rooms are es- 
sential. The Self-Assessment Room, in- 
dividual Cardiovascular Instruction Area 
and Headquarters Offices require three 
areas of 3,000 to 4,000 square feet each. 
Finally, the Registration Area must ac- 
commodate space for 20 booths near the 
varlous ` meeting rooms and exhibit 
space. . 

Areas for functions In the Headquarters 
Hotel are also of. major Importance. 
Rooms are necessary for 10 to 15 simul- 
taneous Fireside Panels. The Convocation 
area must seat, in theater style, more than 
1,500 persons and Include a three-tier 
dais for approximately 75 persons. Then 
the Reception and Dinner-Dance require 


` separate space each for about 1,000 


persons. 

From the aforementioned, it is clear 
that there are only a relatively few sultable 
convention centers meeting the College’s 


. present ‘requirements. The Anahelm, 


California Convention Center with the 
Disneyland Hote! serving as Headquarters 
is one such facility. Fortunately, the 


forthcoming 27th Annual Scientific Ses- 


slor of the College will be convened at 
this world-renowned convention center in 
Anaheim, March 6-9, 1978. With Dr. 
Anthony N. DeMaria, Chairman, and Dr. 
Nemat O. Borhani, Co-Chairman of the 
Scientific Program Committee; Dr. Ellot 
Corday, Local Arrangements Chairman, 
and Mrs. J. Douglas McNalr, Chairperson 


of the Auxillary Program, our 1978 annual ` 


7 


session promises to be one of the Col- 
lege’s most successful programs in 
meeting our expectations of excellence 
in continuing cardiovascular education. 
Undoubtedly, the beautiful atmosphere 
and gracious hospitality of Southern. Cal- 
lfornla, coupled with the Innovative plans 
for exciting activities In the surrounding 
area, will greatly enhance the pleasure of 
the Anaheim meeting for the physician 


- attendees and their families. In addition, 


a post-Anaheim College Scientific 
Meeting is scheduled In Kauai, Hawaii, 
March 10-12, 1978. ` 

The Scientific Program is formulated by 
the Central Scientific Program Commit- 
tee, whose members are selected one 


_ year In advance. Ten months before the 
‘annual’ program, the entire committee 


meets to construct the format and to se- 
lect topics and speakers, for their delib- 
erations determining the meeting theme 
and plenary speaker, the number and. 
nature of the structured sessions, core 
curriculum, controversies-in-cardiology, 
abstract sessions, luncheon and fireside 
discussions, meet-the-expert sessions, as 
well as the preprogram cardiac clinics and 
minl-postgraduate: courses. The Bishop 
Lectureship and Convocation Speaker are 
chosen by the Committee on Named 
Lectureships currently chaired by Dr. 
Dwight E. Harken. in the late spring pre- 
ceding the apnual meeting, all members 
of the College are sent notices announc- 
ing the cal-for-abstracts and the Sep- 
tember deadline for receipt The abstracts 
are categorized and each is evaluated 


“Independently by ten selected graders 


weil recognized in thelr field of expertise. 

The Scientific Program Committee then . 
again meets In October to finalize the 

Annual Program of the College to be 

presented the following March. 


Dean T. Mason, MD, FACC 
President 
~ American College of Cardiology 
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_COLLEGE NEWS 


CALENDAR OF EXTRAMURAL PROGRAMS 


. 


The aim of each program is to increase the 


‘ theoretical and practical knowledge of the 
normal and abnormal function ‘of the cardio- 
vascular system in man. Most of the programs 


are pertinent to direct care of patients with - 


heart disease. The need for such programs 
-Increases with the ever Increasing amount of 
scientific and clinical data, the constant 
_ changes In technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiclogists, Internists and family 


practitioners feel the need of supplementing . 


thelr professional reading by direct contact 
with the authors, research workers and leaders 


. In the field. 


. To solve these problems the Committee 
selects each year serles of carefully super- 





vised programs which are usually preceded by 
extensive consultations with the program dt 
rectors recruited among the foremost spe- 
clalists, educators and scientists in the field of 
clinical, cardiology and allied basic science 
disciplines. 

Although each.program director is person- 
ally responsible for the cholce of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This Is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tlonal methods, and studying the impact of 
each course on the knowledge and attitudes 


of the Scene 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of hls 
peers. The Natlonal Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goats 
can be accomplished by ali members and 
nonmember professionals participating In our 

continuing education programs. 
Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further Information write Mary Anne Mcinerny, Director, Extramural Programs Department, 
Division of Continuing Education, American College of Cardiology, Heart House, 91114 Old Georgetown Road, Bethesda, Maryland 20014. 


OCTOBER THROUGH DECEMBER 1977 


1977 


Tobe Preceptorships in Cardlology. Ar- 


arranged thur Selzer, FACC, director. Pacttic ` 


Individ- Medical Center, San Francisco, 
ually CA 


OcT. Advanced Echocardiography. 
3-5 Harvey Felgenbaum, FACC, direc- 
tor and Betty C. Corya, Jarnes C. 


- Dillon, FACC and Arthur E. Wey-- 
man, FACC, co-directors. India- ' 
napolis Hilton Hotel, Indianapolis, 


IN 


ocT. New Diagnostic and Therapeutic 
6-8 ` Approaches in Cardlology— 1977. 
Edmund H. Sonnenbiick, FACC and 
James E. Scheđer, FACC, co-di- 
rectors. The Plaza, New York, NY 


` OCT. Electrocardiography: Core Cur- 
10-13 — riculm and Self-Assessment. Paul 
`L. McHenry, FACC, director and 
Charles Fisch, FACC, co-director. 
Indianapolis Hilton Hotel, Indlanap- 

olis, IN - 


OcT. Electrocardiography: Core Cur- 
11-14  riculum and Self-Assessment. Ar- 
thur Selzer, FACC, director. Golden 





Gateway Holiday Inn, San Francis- 
co, CA : 


OcT. New Techniques and Concepts In 
Cardiology: Pathogenesis and 
Treatment of Coronary Artery 
Disease; Sudden Death Without 


Coronary Disease. Stephen E. Ep- . 


` stein, FACC, director. The Wash- 
ington Hilton Hotel, Washington, 
DC 


OCT. The Clinical Spectrum of Adult 

13-15 Heart Disease. Jonathan Abrams, 
FACC, director and Paul T. Cochran, 
FACC, co-director. University of 
New Mexico School of Medicine, 
Basic Medical Sclences Building, 
Albuquerque, NM : 


OcT. Practical Cardlology— 1977. Wil- 
liam W. Parmley, FACC and Kanu 
Chatterjee, FACC, directors. Del 
Monte Hyatt Hotel, Monterey, CA 


NOV. Cardiology for the Consultant A 

7-16 Cliniclan’s Retreat. E. Grey Di- 
mond, FACC and James E. Crock- 
ett, FACC, co-directors. Rancho 
Santa Fe Inn, Rancho Santa Fe, 
CA 
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NOV. Clinical Perspectives In Valvular 

8-10 and ischemic Heart Disease. 
James T. Mazzara, FACC, director 
and Richard J. Kennedy, FACC, 
co-director. St. Vincent's Hospital 
and Medical Center of New York, 
New York,-NY 


NOV. Coronary, Hypertensive, Valvular 

20-23 and Myocardial Heart Diseases: 
Structure-Function Approach. 
William C. Roberts, FACC, director. 
Willlamsburg Conference Center, 
Williamsburg, VA 


DEC. Advances In Heart Disease— 

2-4 1978. Dean T. Mason, FACC, dl- 
rector. Fairmont Hotel, San Fran- 
cisco, CA 


DEC. Tenth Annual Cardlovascular 

9-11 Symposium: Theory and Practice 
of Cardiology Today. Henry I. Rus- 
sek, FACC, director. Americana 
Hotel, New York, NY 








LEARNING CENTER: PROGRAM CALENDAR 


The American College of Cardiology's newest department, the 
Learning Center, located at the College’s Bethesda, Maryland 
headquarters, has begun offering continuing education programs 
this month. Each program Is directed toward a specific target 
group Including: adult cardlologlsts (AC), pediatric cardiologists 
(PD), and family practitioners (FP). For additional Information 





COLLEGE NEWS 


concerning the programs listed below or for a complete schedule 
of programs through October 1978, contact Mary Henry, Program 
Coordinator, Learning Center, American College of Cardlology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014 (301) 
897-5400. 











NOVEMBER 1977 THROUGH JANUARY 1978 


Nov. CLINICAL DECISION MAKING IN CORONARY ARTERY 
1-3 DISEASE (AC) Arthur Selzer, MD, FACC, director. 
Nov. PACEMAKER THERAPY: SPECIFIC NEEDS FOR OP- 
9-10 & TIMAL PATIENT BENEFITS (AC) Leonard S. Dreifus, 
Jan. MD, FACC, director. : 

9-10 

Nov. THE BEDSIDE ART & SCIENCE OF CARDIAC DIAG- 
16-18 


NOSIS: CLINICAL & PHYSIOLOGICAL CORRELATION 


(AC) W. Proctor Harvey, MD, FACC & Antonlo C. de 
Leon, MD, FACC, directors. 


Nov. 
21-23 


DIAGNOSIS AND MANAGEMENT OF CLINICALLY 
IMPORTANT ARRHYTHMIAS (FP) Willlam P. Nelson, 
MD, FACC, director. 


Jan 


z CARDIAC DRUGS: REFINEMENTS IN USE OF THE 
16-17 


OLD, ASSESSMENT OF THE NEW (AC) Donald C. 
Harrison, MD, FACC, director. 


27th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Anaheim, California 


Technical Exhlbits 
Deadline for requests for space: October 17, 1977 


Sclentlfic Exhibits 


March 6-9, 1978 


Deadline for requests for space: October 17, 1977 


Young Investigators’ Awards Competition 


Entries must be postmarked no later than November 1, 1977 


For application forms, write Patrick A. Ziamnik, Director, Annual Scientific Session Department, American College 
of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 


THE WHOLE PAPER 


e Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 


figures. . 
e Number all pages in above se- 
quence, beginning with title page as 1, 


abstract as 2, etc. 

e Type all ‘matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
ə Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus Information about grants. 

e Add at bottom the phrase ‘‘Address 
for reprints: .. .'’ followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: Ust of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superlor vena 
cava, Woiff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
. American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 


4 


cise articles devoted to cardiovascular disease. Articles must be contrib- - - 





uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on . 
all published material, and such materlal may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these Instructions are followed: 


tion In text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references In order in 
which they are mentioned In text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. indl- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and ` punctuation styles 
shown below. 


THE FIGURE LEGENDS 


~e Start at top of new page. 
¢ Type in duplicate; double-space. 
e Number pages in sequence after last 
page of references. 
e Identify at the end of each legend and 
In alphabetical order all abbreviations In 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
Identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. i 
e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author’s name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

» Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

« Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, at al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ Initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado-- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p ‘ia 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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Dosing continuity 
hroughout the critical care period 


Hydrochloride (4 g/ml) 
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I V Injection: I V Infusion: Pause: Oral tablets: 
100 mg every 5 minutes 2-6 mg per minute | 3 or 4 hours 50 mg/kg/day 

until arrhythmia suppressed (Wyman, MG, Hamm TURE before oral 

(up to a maximum dose of 1 gram) Ame r J Cardio regimen begun. 

to be administered at a rate 3:661-667, 197. 4) 


not exceeding 25 to 50 mg/minute. 


For ventricular E Pronestyľ' 


arrhythmias, Procainamide 
especially Hydrochloride 


following M I 


D 


® ~ D . ` . 
\UIBB See next page for brief summaries. 


ONESTYI"TABLETS 

Procainamide Hydrochloride Tablets 
ONESTYL* CAPSULES 

ainamide Hydrochloride Capsules U.S.P. 


The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a positive 
ANA titer develops, the benefit/risk ratio related to continued pro- 
cainamide therapy should be assessed. This may necessitate considera- 
tions of alternative anti-arrhythmic therapy. 


oe 

DESCRIPTION: Pronestyl (Procainamide Hydrochloride) is the amide ana- 

logue of procaine hydrochloride and is available for oral administration as 

sules and veneer-coated tablets providing 250 mg., 375 mg., and 500 mg. 
rocainamide hydrochloride. 


TRAINDICATIONS: In patients with myasthenia gravis and where a hyper- 
sitivity to procainamide exists; bear in mind cross sensitivity to procaine and 
ated drugs. Should not be given to patients with complete atrioventricular 

rt block. Contraindicated in cases of second degree and third degree A-V 
lock unless an electrical pacemaker is operative. 


IINISTRATION: Should procainamide therapy be continued for any 
ppreciable period, electrocardiograms should be made occasionally to deter- 
e its further need. 





















































AUTIONS: Evidence of untoward myocardial response should be care- 
ly watched for in all patients. In the presence of myocardial damage with 
fibrillation or flutter, the ventricular rate may increase suddenly as the atrial 
te is slowed; adequate digitalization reduces but does not abolish this danger. 
fentricular tachysystole is particularly hazardous if myocardial damage exists. 
he dislodgment of mural thrombi producing an embolic episode may occur 
orrecting atrial fibrillation due to the forceful contractions of the atrium. 
xtreme caution is required in attempting to adjust the heart rate when ven- 
ular tachycardia has occurred during an occlusive coronary episode or where 
use of procainamide may result in additional depression of conduction and 
entricular asystole or fibrillation as in second degree and third degree A-V 
ock, bundle branch block, or severe digitalis intoxication. 
ar in mind when treating ventricular arrhythmias in patients with severe 
anic heart disease and ventricular tachycardia that complete heart block, 
hich may be difficult to diagnose, may be present. Since asystole may result if 
he ventricular rate is significantly slowed without attainment of regular atrio- 
tricular conduction, procainamide should be stopped and the patient re- 
uated. 

In the presence of both liver and kidney damage, normal dosage may produce 
symptoms of overdosage — principally ventricular tachycardia and severe hypo- 
tension. 

_ A syndrome resembling lupus erythematosus has been reported with main- 
tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
iy also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
emia, possibly related to this syndrome, have been reported. Measure anti- 
lear antibody titers at regular intervals in patients on procainamide for 
xtended periods of time or in whom symptoms suggestive of lupus-like reaction 

pear; in event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
ssess the benefit/risk ratio related to continued procainamide therapy (see 
ed Warning). Steroid therapy may be effective if discontinuation of pro- 
namide does not cause remission of symptoms. If the syndrome develops in a 
ient with recurrent life-threatening arrhythmias not otherwise controllable, 
id-suppressive therapy may be used concomitantly with procainamide. 


VERSE REACTIONS: Hypotension is rare with oral administration. Serious 
urbances of cardiac rhythm such as ventricular asystole or fibrillation are 
ore common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, and/or 
us. 
syndrome resembling lupus erythematosus has been reported (see Precau- 
X i Bie ; : A 
ns). Reactions consisting of fever and chills have been reported, including a 
e with nausea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
glutamic oxaloacetic transaminase following single doses of the drug. 
‘anulocytosis has been occasionally reported following repeated use of the 
and deaths have occurred. Therefore, routine blood counts are advisable 
ing maintenance procainamide therapy; and the patient should be instructed 
‘eport any soreness of the mouth, throat, or gums, unexplained fever or any 
nptoms of upper respiratory tract infection. If any of these symptoms should 
sur and leukocyte counts indicate cellular depression, procainamide therapy 
uld be discontinued and appropriate treatment should be instituted im- 
diately. Bitter taste, diarrhea, weakness, mental depression, giddiness, psy- 
is with hallucinations, and hypersensitivity reactions such as angioneurotic 
a and maculopapular rash have been reported. 
The package insert should be read carefully to become familiar with the 
ommended dosage for the indicated conditions and for full prescribing 


LOW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tablets) and 
nestyl Capsules (Procainamide Hydrochloride Capsules U.S.P.) providing 250 
v 375 mg., and 500 mg. are available in bottles of 100 and Unimatic® single- 
e packaging in cartons of 100. The 250 mg. and 500 mg. tablets and capsules 
also available in bottles of 1000. 










NESTYL" INJECTION 
Procainamide Hydrochloride Injection U.S.P. 
_ DESCRIPTION: Pronestyl Injection (Procainamide Hydrochloride Injection 

U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. procainamide 
hydrochloride per ml. The 100 mg./ml. potency contains 0.9% (w/v) benzyl 
alcohol and 0.09% sodium bisulfite as preservatives. The 500 mg./ml. potency 


contains 0.1% methylparaben and not more than 0.2% sodium bisulfite as pre- 
servatives. 


CONTRAINDICATIONS: In patients with myasthenia gravis and where’ a 
hypersensitivity to procainamide exists; cross sensitivity to procaine and related 
drugs must be borne in mind. Should not be given to patients with complete 
atrioventricular heart block. Contraindicated in cases of high-degree A-V block 
unless an electrical pacemaker is operative. 


PRECAUTIONS: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage, pro- 
cainamide may produce untoward responses. In atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is slowed; adequate 
digitalization reduces but does not abolish this danger. If myocardial damage 
exists, ventricular tachysystole is particularly hazardous. The dislodgment of 
mural thrombi producing an embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or where 
the use of procainamide may result in additional depression of conduction and 
ventricular asystole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication. 

Parenteral administration should be monitored electrocardiographically when- 
ever practicable. Parenteral administration should be discontinued at once if 
electrocardiograms give evidence of impending heart block. This complication 
should be kept in mind when treating ventricular arrhythmias (especially paren- 
terally) in patients with severe organic heart disease and ventricular tachy- 
cardia who may also have complete heart block. Since asystole may result if the 
ventricular rate is significantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be stopped and the patient re- 
evaluated. 

In the presence of both liver and kidney damage, normal dosage may produce 
symptoms of overdosage—principally ventricular tachycardia and severe hypo- 
tension. 

A syndrome resembling lupus erythematosus has been reported with main- 
tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
may also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
anemia, possibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procainamide for ex- 
tended periods of time or in whom symptoms suggestive of lupus-like reaction 
appear; discontinue drug in event of rising titer or clinical symptoms of LE. 
Steroid therapy may be effective if discontinuation of procainamide does not 
cause remission of symptoms. If the syndrome develops in a patient with recur- 






_ rent life-threatening arrhythmias not otherwise controllable, steroid-suppressive 


therapy may be used concomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide is a peripheral vasodilator, LV. 
administration may produce transient but at times severe hypotension partic- 
ularly in conscious patients. I.M. injection is less likely to cause serious falls in 
blood pressure. Serious disturbances of cardiac rhythm such as ventricular asys- 
tole or fibrillation are also more common with I.V. administration. 

A syndrome resembling lupus erythematosus has been reported. Reactions 
consisting of fever and chills including a case with fever and chills plus nau- 
sea, vomiting, abdominal pain, acute hepatomegaly, and a rise in SGOT fol- 
lowing single doses of the drug have been reported. Bitter taste, diarrhea, 
weakness, mental depression, giddiness, psychosis with hallucinations, hyper- 
sensitivity reactions such as angioneurotic edema and maculopapular rash have 
been .eported. Agranulocytosis has been occasionally reported following re- 
peated use of the drug, and deaths have occurred; therefore, routine blood counts 
are advisable during maintenance therapy. If soreness of mouth, throat or gums, 
unexplained fever or any symptoms of upper respiratory tract infection should 
occur and leukocyte counts indicate cellular depression, procainamide therapy 
should be discontinued and appropriate treatment should be instituted im- 
mediately. 


ADMINISTRATION: Oral administration is preferred. When parenteral therapy 
is necessary, intramuscular administration is the method of choice. Intravenous 
use should be limited to extreme emergencies, the drug should be administered as 
a dilute infusion, and the patient should be monitored electrocardiographically. 
The intravenous dose should not exceed 1 gram. Administer at a rate not ex- 
ceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable period, elec- 
trocardiograms should be made occasionally to determine its further need. 

The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions. 


HOW SUPPLIED: Pronestyl Injection (Procainamide Hydrochloride Injection 
U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 2 ml. vials pro- 
viding 500 mg./ml. 


BB ‘The Priceless Ingredient of every product 
SQUI is the honor and integrity of its maker.’™ 


©1977 E. R. Squibb & Sons, Inc. 447-501 
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Save Thousands of Dollars with 
Telemetry Adapter 





Converts any (old or new) cardiac monitor to the latest 
telemetry system. Don’t throw your old equipment 
away - convert. The Model RX450 Telemetry Systems 
Adapter connects directly into the in-put of your card- 
iac monitor. There’s no complicated installation. The 
tiny ECG transmitter, worn by the patient, includes two 
electrodes. This system is ideal for monitoring ambula- 
tory patients. Write for Bulletin 124. 














BIQ: 
INC 


Small, Compact ECG Telephone 
Transmitter 





65 Tosca Drive 
Stoughton, Mass. 02072 
Tel. (617) 344-8600 





Model PT150 Telephone ECG Transmitter is a small, 
pocket size unit that reliably transmits basic single 
lead ECG information over any telephone. Uses two 
bracelet electrodes, is battery powered and has only 
two controls - battery test button and on/off switch. 
Write for Bulletin 120. 


DESIGN 


65 Tosca Drive 
Stoughton, Mass. 02072 
Tel. (617) 344-8600 



















Automatic Three Lead Information 
Transmitted Over Telephone - 


Model TX100 Telephone ECG Transmission System: 
Transmits patient ECG data over any telephone or 
radiotelephone 
Automatically sequences through and provides 12 
seconds transmission of true ECG leads |, II and Ill 
Uses three limp electrodes - two bracelet and a velcro 
strap leg electrode 
Battery powered, compact and easy to use with 
minimum controls Write for Bulletin 115 


BIO: 


DESIGN 


65 Tosca Drive 
Stoughton, Mass. 02072 
Tel. (617) 344-8600 





Telephone ECG Recorder Records on 
Strip Chart or Magnetic Tape 


. 
Receives telephone ECG information and gives non- 
confusing digital display of pacer interval in milli- 
seconds 
Output for recording transmitted ECG 
Inductive coil pick-up may be used (jack provided) 
Tone light indicates proper reception; pacer light 
flashes with each pacer artifact 


Strip chart recorder optional equipment. Write for 
bulletin. 


DESIGN 


65 Tosca Drive 
Stoughton, Mass. 02072 
Tel. (617) 344-8600 
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WANT FASTER SERVICE? 


If you... Change your Address? 


_.. Need Information? 
ATTACH YOUR PRESENT ADORESS LABEL BELOW 


a 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it 


NAME 





ADORESS 





CciTY STATE zip 





Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
RO} Fhe) 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 
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MEDTRONIC ' 
IMPLANTABLE PULSE GENERATORS y 


INTENDED USES 

Ventricular pacing using an implantable - 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in 
patients:with impulse formation or 
conduction disorders leading to brady-. 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS «| 
Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into.the 
heart via the implanted pulse generator/ 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 
cease to function at any time due to lead- A 
related problems such as displacement, 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 


LA Mectronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 


MORE XYREL 
PACEMAKERS 
HAVE BEEN SOLD 


There must be a reason. 

Constant Energy, a patented 
Medtronic feature, enables the Xyrel 
pacemaker to provide a relatively 
constant energy to the heart as power 
source voltage decreases 


There are other reasons: the 
small size of the Xyrel pacemaker; its 
round shape, and sensing and EMI 
characteristics 

Equally important is what Medtronic 
is. With Medtronic, you know that 


Constant Rate, another Medtronic 
feature, provides a stable and assuring 
pacing rate throughout the effective 
service life of the pacemaker. Once 
voltage depletes to a predetermined 
but safe level, a gradual rate 
decrease communicates the need 
for pacemaker replacement 


THAN ANY OTHER 
LITHIUM BRAND 


more. than 26 years of experience and 
service goes with each and every 
pacemaker 


ro | Medironic 
Helping you help 
Pa the pacemaker patient 
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Viagraph. 
The final word" in 
automatic exercise 


testing. 


Viagraph is an automatic exercise 
testing system with total treadmill . 
control, ECG data processing, digital 
display of exercise and post-exercise 
phases, and the unique Final Report” 
--a complete test summary in hard 


copy. 


Dh 





Viagraph aids diagnostic conviction, 
improves patient safety, reduces in- 
and post-test activities, and saves 
you time. *Call toll-free or write 
today for complete information. 


Institution 


| 
| 
| 
| BR Ze 
Street i l E h 
| UVA wiagraph . 
| International Medical Corporation 
| 64 Inverness Drive East 
| 


City State Zip 


AYR i Cee ay TNE CD a Englewood, Colorado 80110 
pie ie wage so Tollsrree. e00=525-B646 
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t- Hot stylus recorders work best with | 
NASHUA HEATRACE CHART PAPER. 
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Magnified 700 Times 


Here’s wh 
y... HEATRACE Paper Conventional Paper 


Nashua makes heat sensitive recording 
chart paper by an exclusive process that 
puts a bubble-type coating on its paper 
instead of a solid layer of plastic (the 
conventional blush-type coating). The 
result is a lighter weight coating (almost 
30% lighter), that: 


e requires minimum heat 

e minimum torque to drive stylus 
e eliminates stylus build-up 

e reduces stylus wear 

If you want highest performance for your CORPORATION 
hot stylus recorders, ask your vendor if GUBELMAN CHART DIVISION 


the charts they supply are made by Nashua 199 East Kinney Street, Newark, New Jersey 07105 / (201) 589-5970 
...the prime source chartmaker. 3037 East Maria Street, Compton, California 90220 / (213) 537-4250 
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yo diuretic-induced h peraldosteronism 


contributes to sodium-retention and edema, 


consider specific action 
Aldactone 


(Spironolactone) 


the only diuretic 
with specific 
aldosterone- 
blocking action 








m helps avoid problems 
stemming from secondary 
(rebound) aldosteronism 


m maintains effectiveness m effective in both prevention 


over the long term* and treatment of hypokalemia, 
thus making potassium 
supplements unnecessary" 

ch Viet i Saas ing Biles ro orma etio ons one | avoids extra expense/ 

prsacrbing i ‘at Bert co eee usually costs considerably 

tinai es sins peti padera! ris wih hypokalemia, less than other diuretics 

eisai 9 One aa oreg are noreidered plus potassium supplements 
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Aldactone — 


(Spironolactone) 25-mg. tablets 


WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity 


Studies in rats (see Warnings). Aldactone should be used only in those con- 
sole Ie ae under /ndications. Unnecessary use of this drug should 
e avoided. 


Indications: Diagnosis and treatment of primary hyperaldosteronism. Essen- 
tial hypertension, edema of congestive heart failure and the nephrotic syn- 
drome, when other measures are considered inappropriate. Cirrhosis of the 
liver accompanied by edema and/or ascites. Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment 
of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium 
supplements should not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies 
in rats. In one study using 25, 75 and 250 times the usual daily human dose 
(2 mg./kg.) there was a statistically significant dose-related increase in benign 
adenomas of the thyroid and testes. In female rats there was a statistically sig- 
nificant increase in malignant mammary tumors at the mid-dose only. In male 
rats there was a dose-related increase in proliferative changes in the liver. At the 
highest dosage level (500 mg./kg.) the range of effects included hepatocy- 
tomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances 
of fluid and electrolyte balance. Hyperkalemia may occur in patients with 
impaired renal function or excessive potassium intake and can cause cardiac 
irregularities which may be fatal. Hyponatremia may be caused or aggravated, 
especially when Aldactone is administered in combination with other diuretics. 
Transient elevation of BUN and/or mild acidosis may occur. Aldactone poten- 
tiates the effect of other diuretics or antihypertensive agents, particularly 
ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may 
develop and in rare instances some breast enlargement may persist. Vascular 
responsiveness to norepinephrine may be reduced. e 

Spironolactone may cross the placental barrier. Use in pregnant women 
requires that the anticipated benefit be weighed against possible hazard to the 
fetus. Breast feeding should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointes- 
tinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental 
confusion, drug fever, ataxia, inability to achieve or maintain erection, irregular 
menses or amenorrhea, postmenopausal bleeding, hirsutism and deepening of 
the voice. Carcinoma of the breast has been reported but a cause-and-effect 
relationship has not been established. Adverse reactions are usually reversible 
upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks 
(long test), or for four days (short test). For preparation for surgery or for long- 
term maintenance therapy, 100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but 
may range from 25 to 200 mg. daily. If after five days an adequate diuretic 
response has not occurred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone should remain unchanged 
when other diuretic therapy is added. 

For edema in children: Initial daily dosage should provide approximately 1.5 
mg. per pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in 
divided doses, alone or with diuretics which act more proximally in the renal 
tubule, or with other antihypertensive agents. Continue treatment for at least 
two weeks since maximal response may not occur before this time. Adjust 
subsequent dosage according to patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G.D. Searle & Co 

Medical Communications Department 

Box 5110, Chicago, Illinois 60680 613 
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NOW AVAILABLE... 





THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 


YEAR 


CUMULATIVE 
INDEXE 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 





e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 

e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF 

e HISTORICAL MILESTONES 

Includes Author Index—and—Subject Index 

All subjects are cross indexed for quick and easy reference 
“There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


O Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


O Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


O Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 











Name__ = = 

Address___ za ee ee 

City. aa os State  Zip— 
Please add appropriate sales tax if in New York State AJC-10/77 









Only CPI offers 
four warranty 
options. 


A choice in lithium 
that lets you match 
pacemaker to patient 
condition...with 
confidence. 


If all patient conditions were the same, you'd only 
need one pacemaker. An optimum situation but medi- 
cally unrealistic. The variety of patient needs demands 
a variety of implant options. Size, price and warranty life 
are all considerations when matching pacemaker 
to patient. The most critical of these factors however, is 
warranty life. 

CPI’s limited warranties are based on clinical 
data accumulated since 1972 and theoretical calculated 
longevity which has been determined for each unit. 
As such, the warranties are statements of CPI's product 
confidence and reliability. Confidence and reliability 
that only lithium offers. 

The expanded line and warranties include: 
e MAXILITH-10 * MINILITH-8 * MINILITH-5 * MINILITH-3. 
Numerical designation indicates warranty life. 
CPI pacemakers are available in asynchronous and 
demand models. All units are offered in unipolar 
and bipolar configurations. 

No other pacemaker company can offer you this 
range of options in naodels and warranty life... 
all in lithium. For your needs, and for your patients. 

Four warranty options. Only from CPI. 


® 
CARDIAC PACEMAKERS, INC. 


4100 NORTH HAMLINE AVENUE 

PO. BOX 3079 

ST. PAUL. MINNESOTA 55165 

TELEPHONE: (612) 631-3000 

CABLE: CARDIAPACE. ST PAUL/TELEX 29-7049 


CPI-EUROPA, B.V. 
SPOORSINGEL 38 

HEERLEN 5200 

THE NETHERLANDS 

TELEPHONE: 045-718457 

TELEX 56710 CARPA NL 


© 1977 Cardiac Pacemakers, Inc 














After simple initial calibration 
with a sphygmomanometer, 
and the keyboard entry of 


systolic and diastolic pressure, 


the ML-105 continuously 
monitors and displays blood 
pressure and ECG waveforms. 
(See Figure 1.) 


BP:118/ 62 HR: 67 


Us 


pF et lee il EY BS SON 
MN: 94 PP: 41 


Figure 1. In this example the 
blood pressure waveform (top) 
and the ECG waveform are dis- 
played in addition to numerical 
displays of blood pressure (BP) of 
118/82, heart rate (HR) of 87, mean 
pressure (MN) of 94 and pulse 
pressure (PP) of 41. 
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The waveforms can be “frozen” 
on the display if the tonometer 
is placed in the “Hold” mode. 
In this mode three moveable 
intensified spots called cursors 
appear to display new 
parameters. (See Figure 2.) 


PR: 81 DP:+ 39 


ENT 


Pe: S E F ARA ESE “— 


TP:+ 0.089 TE:- @.16@ 
Figure 2. “PR” shows the reference 
cursor pressure of 8] mm. “CP” re- 
fers to the pressure cursor on the 
pressure waveform. “DP” gives the 
differential pressure between the 
reference and pressure cursors. 
“TP” gives the time difference be- 
tween the R and P cursors, in this 
case 0.080 seconds. “CE” refers to 
the cursor on the ECG waveform 
while “TE” gives the time between 
cursors CE and CR. The minus 
sign indicates that CE is to the left 
of CR on the screen. 


What would 

you call a new t 
noninvasive, 
nonocclusive, 
atraumatic 
instrument that 
continuousl 
monitors ECG, 
heart rate and 
blood pressure? 


We call it the 
Nicolet ML-105 
ARTERIAL 


TONOMETER. 


For record keeping the ML-105 
also provides digital and 
analog outputs to interface 

to other equipment. 


To learn more about the ML-105 
in your clinical or research 
application, or to arrange a 
demonstration, please phone 
or write Nicolet. 


NICOLET 
aw INSTRUMENT 
CORPORATION 


5225 Verona Road 

Madison, Wisconsin 53711 
Telephone: 608/271-3333 

See the ML-105 in Booth 
12, American Society of 
Anesthesiologists 
Meeting, New Orleans, 
10/17/77-10/19/77. 


See the ML-105 in Booth 
C34, American Heart 
Association Meeting, 
Miami Beach, 
11/28/77-12/1/77. 
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Brings you up-to-date 
on basic research 
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448 PAGES, 250 ILLUS./1976 


Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 





This rare treatment of such a multifaceted subject provides an unusual op- 
portunity for the busy clinician to add to his knowledge in a minimum 
amount of time. Any area of immediate interest can be rapidly located and 
as much data as needed can be quickly extracted. The concentration on 
improved clinical management will be appreciated by every internist, card- 
iologist, generalist, and any professional involved in cardiovascular 
medicine. 


Dean Mason, President of the American College of Cardiology, has or- 
ganized this monograph within the three areas relevant to an understanding 
of congestive heart failure: mechanisms, evaluation and treatment. Fifty-six 
recognized authorities have been assembled by Dr. Mason, each contrib- 
uting their expertise to make this book the foremost text covering the highly 
important and common disorders of abnormal heart function. 


This presentation of recent advances in basic research and clinical 
progress has been highly acclaimed for its major contribution to the im- 
provement of patient care. We invite you to see if you don't agree. Order 
and take 30 days to look over the book. If you’re not totally satisfied, return 
it. 


About the author ... Dean T. Mason, M.D. 

Professor of Medicine, Professor Peat A Chief of Cardiovascular Medicine, 

University of California, School of Medicine, Davis. 

poscon; American College of Cardiology; President, Western Society for Clinical 
esearch 

Member of the American Board of Internal Medicine Cardiovascular Diseases. 

Has authored more than 400 original articles on cardiovascular science and clinical 

cardiology. 

Serves on the editorial boards of The American Journal of Cardiology, The Journal of 

Clinical Investigation, Circulation, Chest, Clinical Pharmacology and Therapeutics, 

Catheterization and Cardiovascular Diagnosis, and Heart and Lung. 

Recipient of Experimental Therapeutics Award in 1973 from the American Society of 

Pharmacology and Experimental Therapeutics, the Research Awards in 1965 from 

the American Therapeutic Society, and the Theodore and Susan B. Cummings 

Humanitarian Awards in 1972, 19 3, and 1975 from the U.S. State Department and 

the American College of Cardiology. 

E 

YORKE MEDICAL BOOKS 666 Fifth Avenue, N.Y., N.Y. 10019 


Please send me a copy of CONGESTIVE HEART FAILURE for 30 days free ex- 
amination and use. If | decide to keep it, your invoice will be honored ($35.00 plus 
shipping cost). Otherwise, the book will be returned for full credit or refund. 
O Full payment enclosed, publisher absorbs shipping cost. 
D Send invoice (U.S. and Canada only) 

Countries outside Western Hemisphere: $40.00 prepaid in U.S. funds. 














NAME 
(PLEASE PRINT) 
ADDRESS 
CITY 
STATE ZIP. 
AJC-10/77 New York State residents add applicable sales tax. 











KayCiel 


ea chloride) 


ORANGE FLAVORED 
KayCiel’Elixir KayCiel’ Powder 


Each 15 ml Each Solodose* packet 

(20 mEq of potassium (20 mEq of potassium 
chloride) contains: chloride) contains: 
Calories 17 Calories 0 
Sodium Omg Sodium 0 mg 


CONTRAINDICATIONS: Impaired renal function, untreated Addison’s 
Disease, dehydration, heat cramps and hyperkalemia. 

WARNING: Do not use excessively. 

PRECAUTIONS: Administer with caution and adjust to the 

requirements of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 
Use with caution in patients with cardiac disease. In hypokalemic states, 
attention should be directed toward the correction of the frequently 
associated hypochloremic alkalosis. 

Patients should be cautioned to adhere to dilution instructions, 
ADVERSE REACTIONS: Potassium intoxication indicated by 

listlessness, mental confusion, paresthesia of the extremities, weakness 
of the legs, flaccid paralysis, fall in blood pressure, cardiac 

depression, arrhythmias, arrest and heart block. Vomiting, nausea, 
abdominal discomfort and diarrhea may pccur. 

OVERDOSAGE: In case of excessive use resulting in hyperkalemia or 
potassium intoxication, discontinue potassium chloride 

administration or take other steps to lower serum levels if indicated. 


Cooper Compliance Tip 
Help assure that your older patients take 
medications properly by printing your 
instructions in large letters. You might 
also send a copy of the instructions to the 
patient’s spouse. Please forward your 
compliance tip to Cooper Laboratories, 
300 Fairfield Road, Wayne, N.J. 07470, 
Att: W.F Cronin. 


CGOPCRavoratories, Wayne, New Jersey 07470 143-48 
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Its called CAMS 
(Comprehensive Advanced 
Monitoring System). And it 
is for patient monitoring what 





instant replay is for sports. 
CAMS unique Arrhythmia 
Recall lets you recall and 
review actual ECG dys- 
rhythmias of an 8 hour period 


in seconds. Enabling you to 
base your decision on clinical 
evidence. The Trend display 
not only shows you the 
patient’s condition, but also 
the degree it has improved or 
deteriorated. Trend Editing 


~ YOU HAVE 
ONLY ONE WAY TO 
RECALL AND REVIEW 
8 HOURS OF 
ARRHYTHMIAS IN LESS 
THAN 60 SECONDS. 


lets you forget about false 
positives. They’re eliminated 
from the system’s memory by 
your clinical judgement and 
the ectopic trend is corrected. 
For the permanent record. 

All this means that you 
can now have the relevant 
data you need instantly. To 
help you make an accurate 
diagnosis and initiate imme- 
diate intervention before a 
crisis occurs — Preventative 
Critical Care Medicine. 

In short, CAMS, (the only 
system that lets you, not the 
equipment manage your 
patient) enables you to make 
more valuable use of your 
professional time. 




















If you recognize the 
importance of today’s most 
efficient and effective way 
of providing the best possible 
patient monitoring, call or 
write us for our brochure and 
a personal presentation of 
CAMS capabilities. Ask for 
the fact-filled AO ECG 
Monitoring Guide, our easy 
to read chart of patient 
preparation, lead placement 
and equipment tips. 


CAMS 
DO 


American Optical 
MEDICAL DIVISION 


Crosby Drive, Bedford, MA 01730 
Telephone: (617) 275-0500 
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One of the 

Most Frequently 
Overdiagnosed 
Diseases! 

























E Here at last 

is an objective study of 
essential reactive 
hypoglycemia . . . definition, 
recognition, pathology, 
etiology, and treatment. 


Editors: 


D. Andreani, MD, Prof. of Clinical Endocrinology, Univ. of Rome 
N P. Lefèbvre, MD, Dept. of Medicine, University of Liège 
Bey V. Marks, DM, Prof., Dept. of Biochemistry. Univ. of Surrey 


_ This European (Rome) Symposium was the first free inter- 
change of ideas among scientists in the various medical dis- 
_ ciplines—physiology, internal medicine, endocrinology, clin- 
ical biochemistry, etc.—necessary to the understanding, 
diagnosis and treatment of hypoglycemia. The concentration 
-was on the various aspects of insulin-producing tumors and 
_ the vexed question of essential reactive hypoglycemia. Spe- 
= cial attention was given to the widespread misinterpretation 


-which has resulted in the erroneous belief that ‘‘millions 

_ suffer from hypoglycemia.’ 

_ Send for this fascinating publication on a 30 day free trial 

basis. Keep it only if more than pleased. 
HYPOGLYCEMIA has been carefully edited to simplify 

__ readability and comprehension. A brief summary allowing for 
_ quick review precedes each article. 


135 double-column pages, 126 illustrations, figures, 
tables, $23.00 


I 


AJC-10/77 


666 Fifth Avenue, New York, N.Y. 10019 
_ Please send me a copy of HYPOGLYCEMIA 
__ for 30 days’ free examination and use at 





det St ZAP, 





© city STATE 


O Bill me, plus cost of shipping. 


In New York State add appropriate sales tax. 
Distribution in Europe, Africa and Asia— 


—Georg Thieme Publishers, Stuggart. 








O Full Payment enclosed, publisher absorbs shipping cost. 










(pentaerythritol tetranitrate) 80 mg 


Peritrate” f ’ 
(pentaerythritol tetranitrate) 40 mg 

Peritrate” 

(pentaerythritol tetranitrate) 20 mg 

Peritrate” 

(pentaerythritol tetranitrate) 10 mg 4 


CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release layer 
and 60 mg in sustained release base). Each tablet of Peritrate 40 mg 
contains pentaerythritol tetranitrate 40 mg. Each tablet of Peritrate 
20 mg contains pentaerythritol tetranitrate 20 mg. Each tablet of 
Peritrate 10 mg contains pentaerythritol tetranitrate 10 mg. Peritrate 
(pentaerythritol tetranitrate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 





Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows: 

“Possibly” effective: Peritrate (pentaerythritol tetranitrate), is 
indicated for the relief of angina pectoris (pain associated with 
coronary artery disease). It is not intended to abort the acute 
anginal episode but it is widely regarded as useful in the pro- 
puyagie treatment of angina pectoris. 

inal classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Peritrate SA Sustained Action (pentrorynritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 

contraindicated in patients who have a history of sensitivity to the 

drug. 

Warning: Data supporting the use of Peritrate (pentaerythritol tetra- € 
nitrate) during the early days of the acute phase of myocardial 

infarction (the period during which clinical and laboratory findings 

are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents. 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug, and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of medi- 
cation) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In some 
cases severe, persistent headaches may occur. 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and weakness, as well as 

other signs of cerebral ischemia associated with postural 

* hypotension, may occasionally develop. 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and col- 
lapse) can occur, even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate (pentaerythritol tetranitrate) may be administered 
in individualized doses up to 160 mg a day. Dosage can be initiated 
at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 40 mg 
(two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour before 
or one hour after meals and at bedtime. Alternatively, Peritrate Sus- 
tained Action 80 mg can be administered on a convenient b.i.d. 
dosage schedule. 

Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 i tay ria layer biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60). Also 
unit dose, package of 10 x 10 strips (N 0047-0004-11). 

Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tablets 
in bottles of 100 (N 0047-0008-51). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 
tablets in bottles of 100 (N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also unit dose, package of 10 x 10 strips (N 0047-0001-11). 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 
1000 (N 0047-0007-60). 

STORE BETWEEN 59° and 86° F (15° and 30° C). 

Animal Pharmacology: In a series of carefully designed studies in 
pigs. Peritrate (pentaerythritol tetranitrate) was administered for 48 
ours before an artifically induced occlusion of a major coronary 

artery and for seven days thereafter. The pigs were sacrificed at 
various intervals for periods up to six weeks. The result showed a 
significantly larger number of survivors in the drug-treated group. 
Damage to myocardial tissue in the drug-treated survivors was less 
extensive than in the untreated group. Studies in dogs subjected to 
oligemic shock through progressive bleeding have demonstrated 
that Peritrate (pentaerythritol tetranitrate) is vasoactive at the post- 
arteriolar level, producing increased blood flow and better tissue | 
perfusion. These animal experiments cannot be translated to the 
drug's actions in humans. 

Full information is available on request. 


Warner/Chilcott 

Division, 

Warner-Lambert Company 
Morris Plains, N.J. 07950 
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InterLith RP. 


The only pacemaker with a 
failsafe rate programming design. 


It took Intermedics to combine the most 
straightforward, uncomplicated rate pro- 
gramming system in the industry with the 
proven reliability of c-mos circuitry. Utilizing 
the superior longevity of a lithium power 
cell, Intermedics now offers you one of the 
smallest, lightest, most comfortable pro- 
grammable pacemakers available. ..the 
InterLith RP. 

This pacemaker, unlike all others on the 
market, utilizes circuitry that has been 
uniquely designed to avoid accidental re- 
programming. This failsafe feature requires 
the occurence of two simultaneous electri- 
cal events; first, the magnetic reed switch 
must be closed and secondly, the pro- 
grammer must be activated in immediate 
proximity to the pacemaker. The seven 
programmable rates are 60, 65, 72, 80, 90, 
103 and 120 BPM. The rate is incremented ` 
from one value to the next by simply de- 
pressing the programming button. 

A triumph of design, the InterLith RP is 
hermetically sealed in tissue-compatible 
interference-resistant 316L stainless steel 
and measures only 5.9 cm x 4.6 cmx 1.5 
cm, enabling a smaller incision resulting in 
a more cosmetic pocket. All edges are 
smoothly rounded for greatest patient 
comfort. 

A lithium cell, plus low current drain 
under load, give the InterLith RP a potential 
longevity in excess of 12 years*; like all other 
Intermedics pacemakers, the InterLith RP 
is backed by a replacement credit agree- 
ment. Its universal connector readily ac- 
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cepts Intermedics’ leads as well as most 
manufacturers’ leads without adapters, 
making it an excellent choice when a re- 
placement pulse generator is needed. 
InterLith RP. The better programmable 
pacemaker. 

For the location of your nearest 
Intermedics representative, or for addi- 
tional information about our products, call 
toll-free 1-800-231-2330. In Texas, call 
collect 1-713-233-8611. 


+ Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 


*Based on 72 BPM. 500 OHM load and 100% pacing 
InterLith is a registered trademark of intermedics, Inc. 





10:15 A.M. 
It's a 3-Channel Stress Test System 





11:49 A.M. 
Ifs a Stand-alone 
Electrocardiograph 


It's the STS-Ill... 
Truly a Multi-us 
ECG System! 


Why pay twice for dedicated 
stress test and ECG equip- 
ment when a single system 
does it all! 


Actually a variety of different systems 
in one, the STS-III has inter-change- 
able modular components that can be 
assembled to meet the budget and 
technical requirements of virtually 
any hospital, physician's office or 
clinic. Choose from two monitor types 
and three treadmills with the option of 
manual controls or automatic test 
programming for up to twelve stages. 
Use it in the stress test lab, or handle 
routine ECGs by disconnecting and 
rolling away its state-of-the-art 
3-channel recorder (a special version 
of our time-proven Model 3038 Elec- 
trocardiograph.) Expand your diag- 
nostic capabilities still more by adding 
heart-sound/pulse-wave and com- 
puter phone terminal options. 


Even then, there's flexibility to spare. 
In addition to providing superior per- 
formance specifications, the STS-II| 
prevents information loss with a 
unique non-fade monitor that can 
freeze events of interest, and allow 
recording from memory in a Wistinc- 
tive format. And, the optional “crawl- 
speed” feature allows the entire 
stress test to be recorded without 
interruption in the intervals between 
program recording. 


To see how the STS-III is the most 
cost-effective stress test solution for 
you, call or write: 

Cambridge Instrument Company, 
733 Spring St., Ossining, N.Y.: 

(914) 941-8100. 


Cambridge 


Instrument 
Company, Inc. 


first in electrocardiography 




















Wi t yuu r commMenu tuu y 
may change tomorrow. 
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Time was, you could preselect a single pacing 
rate and feel relatively confident, in most cases, that 
the rate selected would remain physiologically 
adequate over the pulse generator’s operating life. 

But as improved power cells have become 
available, and pacemaker longevity has been greatly 
extended, so is the likelihood for changes in patient 
physiology. Non-invasive rate programming offers a 
practical means to adjust the rate to meet individual 
needs. 

There are some situations where a rate- 
programmable pacemaker may be indicated at 
implant. For example, in patients with acute 
myocardial infarction (who are often decompen- 
sated), accurate rate selection may not be possible 
until weeks later. Certain cases of Sick Sinus 
Syndrome are other examples. 

However, there are many other cases where 
the benefits of rate programming may not be imme- 
diately obvious. As the years pass, some patients 
may develop angina that is not best controlled 
pharmacologically, or may undergo degeneration of 
the conduction system. In some patients with 


marginal cardiac output, the loss of the atrial contri- 
bution to the cardiac filling cycle may become * 
physiologically significant. Rate programmability, in 
these cases, may provide improved patient 
management. 

Rate-programmable ventricular pacing may 
also be indicated for the suppression of ventricular 
extrasystoles, and in children where changing rate is 
a physiological requirement. 

In summary, rate programming offers you the 
flexibility to deal with future rate requirements. 
Because your patients’ needs can change substantially 
with the passing years. The Prolith Rate- 
Programmable Lithium System, offering rates of 60, 
66, 72, 78, 84, 90, 96, and 102 ppm, lets your 
patients keep pace with tomorrow. For details, 
please contact Edwards Pacemaker Systems, P.O. 
Box 19554, 1923 S.E. Main Street, Irvine, CA 92713, 


Telephone 714/540-8161. 
Edwards 
Pacemaker 


Systems” 


Division of American Hospital Supply Corporation 





Prolith-the rate-programmable 
lithium system 
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For complete information please write to: Patrick A. Ziarnik, 
American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 


CLINIFLOW® provides the most 
advanced clinical blood flow 
measurement system available. With the 
maximum in patient safety and operating 
simplicity. 
® CME also offers the industry’s widest 


variety of pre-calibrated acute, chronic 


Ri gi a t and extracorporeal probes to fit almost 
ee OV ine er any application. Write or call for full 
information. 
CME. . . first in flowmetry. 


CAROLINA MEDICAL 
ELECTRONICS, INC. 


P.O. BOX 307, KING, NORTH CAROLINA 27021 USA 
TELEPHONE (919) 983-5132 





A140 





EXERGISE 
TESTING BASICS: 















Stress testing is rapidly becoming a standard diagnostic 
tool. But setting up your own stress testing unit can be costly. 
The equipment shown here will give you a basic system, 
flexible enough to build on for years to come. 

Select a treadmill that will last. The treadmill is the basic 
workhorse of the system. It has to be durable. For 16 years, 
Quinton treadmills have been the standard in re- 
search centers, heart clinics and everyday practice. 

We build seven models. All feature endless 
nylon belts for extra long service life, aircraft 
type honeycombed aluminum decks, lifetime 
lubricated bearings and heavy duty AC motors 
with “no jerk” speed control. pe 

Quinton treadmills offer variable speed and 
elevation with metered readouts for both. Meadmil Mogeltg5a 
Select a practical multi-channel ECG 

monitor. Quinton offers a variety of ECG monitors. Our 
Model 623 two-channel unit has the versatility of multiple 
channel monitoring without the expense of three channel 
systems. 

The Quinton Model 623 gives you pushbutton lead 
selection and lets you display and record any two leads 
simultaneously. With the QRS Sync feature, each consec- 
utive QRS complex can be expanded to the full width of the 
screen, making even small changes obvious immediately. 

No battery packs are required with the 623 and the 

Model 623 ECG Monitoring System internal calibration system not only checks the recorder 
before you conduct a test, it also checks the oscilloscope, patient cables and heart 
rate meter to assure you of total system accuracy. 

Build the system as your practice grows. Quinton offers 

a number of special purpose units which will expand the system’s 

capabilities as your needs grow. 
A Quinton programmer allows you to tónan on the 
monitor and the patient while the test progresses automatically. 











Treadmill Programmer Data Computer digitally 
displays the heartrate, S-T level and S-T slope. ` 4 
It averages the signal to help you “see through” © 
noisy ECG, and it records heartrate, S-T ; 
changes, arrhythmias and 20 beat ECG averages. Model 611 Cardiotachometer 

The Quinton cardiotachometer computes and digitally displays heartrate on an 

instantaneous, beat-by-beat basis. For details on all these products, contact Quinton 
Instrument Co., Dept. E16, 2121 Terry Avenue, Seattle, Washington 98121. 
Call 206/223- 7373 or dial toll free 800. 426-0538. QuiniTONI 





The Quinton ECG Ea Model 740 ECG Data Computer 
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It keeps getting better. 


And better. 


Portable Fiber-optic 
Line-Scan Recorder. 1973. 


And better. 


Large-screen Remote 
Monitor. 1974. 


And better. 


E-21 Recorder. 1976. 
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And better. 


Electrically-isolated 
ECG Module. 1973. 


And better. 


Multi-Parameter 
Amplifier Module. 1975. 


And better. 


Low-cost Switched Gain 
Control. 1976. 





Innovation without 
obsolescence. 


When we say better, we mean 
better. 

We added no less than six 
important features to the original 
Ekoline in its first ten years. 

Not bad. 

But in the next four years, we 
added six additional capabilities 
you see listed on the opposite 


e. 

That’s terrific. Especially since 
every one of these innovations 
protect your original investment 
in Ekoline 20A while increasing 
its value to you. 

The portable Fiber-optic Line- 
Scan Recorder produces continuous 
strip-chart recordings of echo pat- 
terns—an especially useful diag- 
nostic aid in a wide variety of 
cardiac applications. 

The Electrically-isolated ECG 
Module converts the A-mode echo 
display from a moving organ into 
a dynamic M-mode display of 
motion patterns. 

The Large-Screen Remote 
Monitor displays echo information 
on a 12-inch screen utilizing a 
high-persistence oscilloscope—a 
useful accessory when group view- 
ing is required. 

The Multi-Parameter Ampli- 
\fier Module permits the display of 
phono and carotid pulse or apex 
trace information. 

The E-21 Recorder utilizes 
wider paper to permit continuous 
strip-chart recordings of more pa- 
rameters than previously possible. 


The Switched Gain Control is 
a low-cost accessory that permits 
both high gain and low gain infor- 
mation to appear simultaneously 
on the strip-chart recorder for more 
accurate diagnosis of difficult-to- 
see structures. 


Major innovation: 
EkoSector I: 


If you already own Ekoline 20A— 
the world’s leading echocardio- 
graph system—you don’t have to 
buy a whole new 
system for two- 
dimensional 
heart scanning. 
Our new 
EkoSector I 
is completely 
compatible 
with existing 
Ekoline 20A 
units, which 
means you can 
cut your cost for 
heart scanning 
in half. To go 
along with 
EkoSector 
I, we’ve 
addeda | 
video tape 
recorder 
that lets you record and 
play back cross-sectional, 
as well as M-mode displays, along 
with your verbal comments. 
Cross-sectional scans may be 
displayed at actual speed, slow 
motion or stop motion with superb 
resolution and fidelity. And during 
playback, you can change the depth 
of tissue displayed, because all 
echoes are recorded all the time. 


— 


















Ekoline 20A from SKI. 


The leader in diagnostic ultrasound. 


: 


, 2 f 
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Solid technical 4 
service and backup. A 


: 
4 
4 


All SKI representatives are clinically- 
trained to understand your prob- 
lems and needs. If more technical 
assistance is required, our engi- 
neering staff is readily available to 
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provide it. $ 

And our service centers a 
worldwide provide fast, responsive 4 
support. All you have to do is call sy 
our toll-free number: (800) 538-1556. 

We'll be glad to send you i 
detailed information about SKI ‘a 
diagnostic ultrasound products. g 
Call or write today. a 


Smith Kline Instruments, Inc. 


880 West Maude Ave = Sunnyvale. CA 94086 (408) 732-6000 
A Subsidiary of SmithKline Corporation 
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' Please send me more information on the 
' Ekoline 20A. 


i 

r 

i 

, Name i 

, Hospital : 

| Address ‘ 
ı City i eee Fe Be 

' State —______- = Zip i 

: 

‘ 

' 

' 


| Mail to Smith Kline Instruments, Inc. 
ı PO. Box 1947, Sunnyvale, California 94086 


: Or call 800-538-1556 toll free. 
' In California call 408-732-6000. 


Ay. Sous 


LAN 


In Canada, Mail to Smith Kline Instruments, 
300 Laurentien Blvd., St. Laurent, Quebec, 
Canada. In the United Kingdom, mail to Smith 
Kline Instrument Co. Ltd., Welwyn Garden 
City, Hertfordshire, England. så 
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The Pacekeeper 





For the broad spectrum of cardiac arrhythmias 


broad-range treatment... 


conversion and maintenance 


CARDIOQUIN 


TABLETS 2 
(quinidine polygalacturonate) Z 


O Greater GI tolerance 

O Full quinidine cardiodynamics 

O Convenient B.I.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or t.i.d. 
dosage of this unique polygalacturonate salt of quinidine 
is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 
tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
i 


a 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Y2 to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 


Purdue Frederick 


©COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 A8207 172276 





Seminar on Mechanisms of Ventricular Contraction 


Long-Term Results of Coronary Bypass Surgery 


Vasodilator Therapy of Chronic Heart Failure 


Contents on Page AG 
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to lower without compromising 


blood pressure existing 


i ¢ 


effectively... cardiac output 


D 
hypertension 


TABLETS: 250 mg, 500 mg, and 125 mg 


ALDOMET 


(METHYLDOPA|MSD) 


helps lower 
blood pressure 
effectively... 
usually with no 
direct effect on 
cardiac function— 
cardiac output is 
. usually maintained 





ALDOMET is contraindicated in active hepatic disease, hypersensitivity 
to the drug, and if previous methyldopa therapy has been associated 
with liver disorders. 


It is important to recognize that a positive Coombs test, hemolytic 
anemia, and liver disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver disorders could lead 
to potentially fatal complications unless properly recog- MSD 
nized and managed. For more details see the brief sum- ean 
mary of prescribing information. 


For a brief summary of prescribing information, please see following page. 


Some other 
characteristics 

of ALDOMET 
(Methyldopa, MSD) 
for your 
consideration 


ALDOMET usually lowers 


blood pressure and: 


e Usually does not com- 
promise existing renal 
function 


e Infrequently causes symp- 


tomatic postural 
hypotension 

e Normalorelevated plasma 
renin activity may 
decrease during the 
course of therapy 


e Usually is well tolerated. 
Sedation, usually tran- 
sient, may occur during 
the initial period of 
therapy or whenever the 
dose is increased. Head- 
ache, asthenia, or weak- 
ness may be noted as 
early and transient 
symptoms. However, 
significant adverse effects 
due to ALDOMET have 
been infrequent. (See 
brief summary for a com- 
plete listing of adverse 
reactions.) 

ALDOMET is useful in all 
degrees of hypertension 
and offers dosage flexi- 
bility with three tablet 
strengths—the 

standard 250 mg, 

the convenient 500 mg, 
and the 125 mg. 
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Contraindications: Active hepatic disease, such 
as acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and 
liver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic 
anemia or liver disorders could lead to poten- 
tially fatal complications unless properly recog- 
nized and managed. Read this section carefully 
to understand these reactions. 

With prolonged methyldopa therapy, 10% to 20% of pa- 
tients develop a positive direct Coombs test, usually 
between 6 and 12 months of therapy. Lowest incidence 
is at daily dosage of 1 g or less. This on rare occasions 
may be associated with hemolytic anemia, which 
could lead to potentially fatal complications. One can- 





BA not predict which patients with a positive direct 
E Coombs test may develop hemolytic anemia. Prior ex- 
E istence or development of a positive direct Coombs 
5 test is not in itself a contraindication to use of 


Foe! 


methyldopa. If a positive Coombs test develops during 
methyldopa therapy, determine whether hemolytic 
anemia exists and whether the positive Coombs test 
may be a problem. For example, in addition to a posi- 
tive direct Coombs test there is less often a positive in- 
direct Coombs test which may interfere with cross 
matching of blood. 

At the start of methyldopa therapy, it is desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done during 
therapy to detect hemolytic anemia. It may be useful 
to do a direct Coombs test before therapy and at 6 and 
12 months after the start of therapy. If Coombs-posi- 
tive hemolytic anemia occurs, the cause may be 
methyldopa and the drug ¢hould be discontinued. 
Usually the anemia remits promptly. If not, cor- 
ticosteroids may be given and other causes of anemia 
should be considered. If the hemolytic anemia is re- 
lated to methyldopa, the drug should not be 
feinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
sf Coombs test should be performed on his blood. In the 
absence of hemolytic anemia, usually only the direct 
Coombs test will be positive. A positive direct Coombs 
test alone will not interfere with typing or cross 
matching. If the indirect Coombs test is also positive, 
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ypertension 


(METHYLDOPA|MSD) 


helps lower 

blood pressure 
effectively... 

usually with no 
direct effect on 
cardiac function- 
cardiac output is 
usually maintained 


problems may arise in the major cross match and the 
assistance of a hematologist or transfusion expert will 
be needed. 

Fever has occurred within first 3 weeks of therapy, oc- 
Casionally with eosinophilia or abnormalities in liver 
function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, ceph- 
alin cholesterol flocculation, prothrombin time, and 
bromsulphalein retention. Jaundice, with or without 
fever, may occur, with onset usually in the first 2 to 3 
months of therapy. In some patients the findings are 
consistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should be 
done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If 
feer and abnormalities in liver function tests or jaun- 
dice appear, stop therapy with methyldopa. If caused 
by methyldopa, the temperature and abnormalities in 
liver function characteristitally have reverted to nor- 
mal when the drug was discontinued. Methyldopa 
should not be reinstituted in such patients. 

Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. Pa- 
tients should be followed carefully to detect side reac- 
tions or unusual manifestations of drug idiosyncrasy. 
Pregnancy and Nursing: Use of any drug in women who 
are or may become pregnant or intend to nurse re- 
quires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see warnings). May interfere with measure- 
ment of: urinary uric acid by the phosphotungstate 
method, serum creatinine by the alkaline picrate 
method, and SGOT by colorimetric methods. Since 
methyldopa causes fluorescence in urine samples at 
the same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochromo- 
cytoma. It is important to recognize this phenomenon 
before a patient with a possible pheochromocytoma is 
Subjected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed to 
air after voiding may darken because of breakdown of 
methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascular 
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 ALDOMET 


disease. Patients may req 
anesthetics; hypotension occ 
usually can be controlled wi 
tension has recurred after 
methyldopa because the dr 
procedure. 

Adverse Reactions: Centr: 
tion, headache, asthenia or ' 
and transient; dizziness, ligh 
of cerebrovascular insufficien 
sonism, Bell's palsy, decrease 
tary choreoathetotic mover 
bances, including nightmar 
psychoses or depression. 
Cardiovascular: Bradycardia, 
pectoris. Orthostatic hypoti 
dosage). Edema (and weight 
use of a diuretic. (Discontini 
progresses or signs of heart 
Gastrointestinal: Nausea, vo 
stipation, flatus, diarrhea, mil 
or “black” tongue, pancreati’ 
Hepatic: Abnormal liver func! 
disorders. 

Hematologic: Positive Coomb: 
Leukopenia, granulocytope 
Positive tests for antinucleai 
rheumatoid factor. 

Allergic: Drug-related feve! 
myocarditis. 

Other: Nasal stuffiness, rise 
ment, gynecomastia, lactatio 
libido, dermatologic reaction 
lichenoid eruptions, mild artl 
Note: Initial adult dosage shi 
daily when given with antih 
thiazides. Tolerance may occ 
ond and third months of ther: 
adding a diuretic frequently 1 
Patients with impaired renal 
smaller doses. Syncope in ol 
lated to increased sensitiv 
teriosclerotic vascular disea: 
by lower doses. 

How Supplied: Tablets 
methyldopa each, in bottles o' 
250 mg methyldopa each, in 
100 and bottles of 100 and 1 
500 mg methyldopa each, in 
100 and bottles of 100 and £ 


For more detailed informat 
representative or see full 

ck Sharp & Dohme, Divis 
West Point, Pa. 19486 
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Tektronix. 


If you’re involved in portable patient monitor purchase 
decisions for your medical facility, then you need to know 
some of the reasons why thousands of hospitals, clinics and 
doctors have selected Tektronix instruments. 


eason One: Tektronix’ high degree 
measurement accuracy, carefully 
gineered into every monitor. For 
stancdiiDur signal acquisition and 
circuitry minimizes the ef- 
ct of artifact. and virtually elimi- 
Ates pacer pulses from being in- 
uded in digital readout measure- 
ents — yet these phenomena are 
curately shown in the waveform 
splay. A minus sign provides rec- 
gnition of negative readings — 
pecially useful when you're zero- 
g pressure or monitoring CVP. And 
hile in battery operation, if the bat- 
ry supply runs low, a Tektronix 
onitor automatically ceases opera- 
Dn when measurement accuracy is 
reatened. Other monitor brands will 
Dntinue to operate, providing erro- 
eous data. (Talk to your nearest Tek- 
onix representative about the many 
her reasons our monitors provide 
Ata of the highest integrity.) 
eason Two: At Tektronix we do all 
e can to assure optimum operating 
Pliability. After we build our monitors, 


we subject each one to a rigorous 
“bake and shake” quality assurance 
procedure. First, we expose the 
monitor to 50C temperature for 72 
continuous hours to reveal compo- 
nent defects. Then we place the unit 
on a table that vibrates 45 times per 
second. This insures that if a Tek- 
tronix monitor fails because of normal 
use vibration or jarring, it fails on us, 
not you. Finally, each monitor gets a 
calibration test and complete quality 
control checkout. 

Reason Three: Portability and con- 
venience. All Tektronix monitors are 
a compact 9 x 6 x 11'2 inches, and 
most weigh only 12 pounds with bat- 
tery pack. Each offers AC operation, 
or DC operation off a built-in battery 
source, and is easily mounted above 
operating table or bed with optional 
bracket or pole stand. 

Reason Four: Tektronix’ fast turn- 
around service — as quick as 24 
hours in many locations. Service per- 
formed at our 32 U.S. service centers 
by expert technicians who are con- 


scious that they're working on in- 
struments that help save lives. 
Tektronix doesn't bring you all this in 
just one or two models, but in 6 diffe- 
rent monitors, plus 5 optional add-on 
recorders. There's the comprehen, 
sive 413 Option 22 with simultaneous 
3 waveform display — respiration, 
pressure or pulse, ECG. Or the 474 
Option 21 that offers simultaneous 
display of ECG and two blood pres 
sure waveforms. Recorders print a 
analog trace from a selection of vita 
signs, plus digital data alphanu 
merics in the recorder tape margin 
For information on the entire line o 
Tektronix patient monitors, recorderg 
and accessories, please write: 


Tektronix, Inc., P.O. Box 500 
Beaverton, Oregon 97077 
Or call TOLL FREE: (800) 547-4804 
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FAILURE WHEN 
CONSERVATION OF 
POTASSIUM 
BALANCE IS DESIRED. 


‘DYRENIUM’ HELPS THE 
PATIENT RETAIN 

ESSENTIAL POTASSIUM 
STORES. 

Initial dosage of both agents 
should usually be reduced when 
‘Dyrenium’ is used with a diuretic, 
because of their additive effect. Careful 


supervision and dosage adjustment are required. 
Do not give potassium supplements unless hypokalemia 


develops or dietary K* intake is markedly impaired. 
Hyperkalemia can occur with any Kt sparing agent, but it is 


rare in patients with normal renal function. Serum Kt and 
BUN should be checked periodically, particularly in the 
elderly, diabetics, or those with suspected or confirmed renal 
insufficiency. Routine use of diuretics in healthy pregnant 


women is inappropriate. 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 


Indications: Edema associated with congestive heart failure, cirrhosis and 
nephrotic syndrome: steroid induced edema, idiopathic edema. and edema due 
to secondary hyperaldosteronism. to increase diuresis in patients resistant to 
other diuretics. Routine use of diuretics in healthy pregnant women is inap- 
propriate: they are indicated in pregnancy when edema is due to pathological 
causes (see Warnings) 

Contraindications: Anuria Severe or progressive kidney disease or dysfunc 
tion. Severe hepatic disease Pre-existing elevated serum potassium. Hyper 
sensitivity. Continued use in developing hyperkalemia. Do not give potassium 
supplements, either by drug or by diet 

Warnings: Observe regularly for possible blood dyscrasias, liver damage or 
other idiosyncratic reactions. Check BUN and serum potassium periodically, 
especially in the elderly, diabetics. and those with suspected or confirmed renal 
insufficiency. Use in pregnancy requires weighing anticipated benefits against 
possible hazards to the fetus. including adverse reactions which have occurred 
in the adult. Triamterene may appear in breast milk. If its use is essential, the 
patient should stop nursing 


Dyrenium and spironolactone are not usually used concurrently; if they are 





DYRENIUM: 


triamterene 
TO FUROSEMIDE 


IN CONGESTIVE HEART 


however. frequent serum potassium determinations are required 


Precautions: If hyperkalemia develops. withdraw the drug. The following may 
also occur: electrolyte imbalance. low-salt syndrome (with low salt intake) 
reversible mild nitrogen retention. decreasing alkali reserve with possible 
metabolic acidosis. Triamterene is a weak folic acid antagonist. Do periodic 
hematologic studies in cirrhotics with splenomegaly. Concomitant use with 
antihypertensive drugs may result in an additive hypotensive effect. When 
Dyrenium is to be discontinued after intensive or prolonged therapy, withdraw 
gradually because of possible rebound kaliuresis. 

Adverse Reactions: Diarrhea. nausea and vomiting (may indicate electrolyte 
imbalance). other gastrointestinal disturbances, weakness, headache, dry 
mouth. anaphylaxis. photosensitivity. elevated uric acid, rash 

Note: When combined with another diuretic. the initial dosage of each agent 
should be lower than recommended. 


Supplied: 50 and 100 mg. capsules, in bottles of 100 and in Single Unit 
Packages of 100 (intended for institutional use only). 


SK&F CO. Carolina, P.R. 00630 


psules, 


50. or 100 mg. 











SK&F CO. 


a SmithKline Company 
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CLINICAL STUDIES 


Results of Coronary Bypass More Than 5 Years After Operation 
in 434 Patients. Clinical, Treadmill Exercise and Angiographic 
Correlations. Gerald M. Lawrie, George C. Morris, Jr., Jimmy F. 
Howell, John W. Ogura, William H. Spencer Ill, William R. 
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Improvement in Exercise Performance After Unsuccessful 
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Insensitivity of Echocardiography in Detecting Mitral Valve 
Prolapse in Older Patients With Chest Pain. Joseph F. Ruwitch, 
Jr., Alan N. Weiss, Jerome L. Fleg, Robert C. McKnight and Philip 
A. Ludbrook 


Mechanism of Paradoxical Early Diastolic Septal Motion in 
Patients With Mitral Stenosis. A Cross-Sectional Echocardi- 
ographic Study. Arthur E. Weyman, James J. Heger, Gerhard 
Kronik, Lee S. Wann, James C. Dillon and Harvey Feigen- 
baum 


Internal Recorded Systolic Time Intervals in Hypertrophic 
Subaortic Stenosis. Miltiadis A. Stefadouros, Mario |. Canedo, 
Elias Karayannis, Abdulla Abdulla and Martin J. Frank 
Computer Analysis of the Orthogonal Electrocardiogram and 
Vectorcardiogram in 257 Patients With Aortic Valve Disease. 
Nicholas A. Yankopoulos, W. Kenneth Haisty and Hubert V. 
Pipberger 


EXPERIMENTAL STUDIES 


Characterization of the “Border Zone” in Acute Regional 
Ischemia in the Dog. David J. Hearse, Lionel H. Opie, Issy E. 
Katzeff, Willem F. Lubbe, Terry J. Van der Werpf, Max Peisach 
and Gerrard Boulle 


Electrophysiologic Effects of Anterior Septal Arterial Occlusion. 
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Continuous Concealed Ventricular Arrhythmias. Ronald R. Hope, 
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Instantaneous Force-Velocity-Length Relations in the Intact 
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STUDIES ON HYPERTENSION 


Relation Between the Hypotensive and Renin-Suppressing 
Activities of Alpha Methyldopa in Hypertensive Patients. 
Gastone Leonetti, Laura Terzoli, Alberto Morganti, Marcello 
Manfrin, Carlo Bianchini, Carla Sala and Alberto Zanchetti 


METHODS 


Problem of Diffuse Cardiac Uptake of Technetium-99m Pyro- 
Phosphate in the Diagnosis of Acute Myocardial Infarction: 
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Enhanced Scintigraphic Accuracy by Computerized Selective 
Blood Pool Subtraction. Daniel S. Berman, Ezra A. Amsterdam, 
Horace H. Hines, Gerald L. Denardo, Antone F. Salel, Richard 
Ikeda, Anne-Line Jansholt and Dean T. Mason 


PEDIATRIC CARDIOLOGY 


Echocardiographic Assessment of the Relation Between Left 
Ventricular Wall and Cavity Dimensions and Peak Systolic 
Pressure in Children With Aortic Stenosis. Kalim U. Aziz, Al- 
bertus van Grondelle, Milton H. Paul and Alexander J. Muster 
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Defect: a Quantitative Structural Study. Sheila G. Haworth, 
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terjee, Jeffrey Werner, Barry Greenberg, Richard Hart and William 
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Gerald Lemole, Richard R. McCurdy and James F. Spann, Jr. 
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Ephraim Glassman 
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Pacemaker-Induced Endocardial Friction Rub. Robert D. 
Glassman, R. Joe Noble, Morton E. Tavel, William R. Storer and 
Paul E. Schmidt 


Traumatic Right Coronary Artery-Right Ventricular Fistula With 
a Retained Intramyocardial Bullet. Barry R. Alter, James R. 
Wheeling, Hal. A. Martin, Joseph P. Murgo, Robert L. Treasure 
and George M. McGranahan, Jr. 

Pheochromocytoma of the Urinary Bladder: A Broad Clinical 
Spectrum. A. Jarrell Raper, E. Forrest Jessee, John H. Texter, 
Jr., Ronald F. Giffler and Sven-Ola Hietala 

Rupture of the Papillary Muscle of the Tricuspid Valve. A 
Complication of Cardiopulmonary Resuscitation and a Rare 
Cause of Tricuspid Insufficiency. Joseph L. Gerry, Jr., Bernadine 
H. Bulkley and Grover M. Hutchins 
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Letters to the Editor 
Unusual Echocardiographic Manifestation of Pericardial Fluid—H. 
Alvarez, L. Sassé, J. J. Kleid, et al. 


Amyloid Heart Disease—C. Y. C. Chew, M. J. Raphael, C. M. 
Oakley, et al. 


Systemic Infiltrative Cardiac Disease—J. S. Child, J. S. Borer, 
W. L. Henry, et al. 


Paradoxical Motion of Interventricular Septum in Absence of 
Shunting—B. L. Strunk, S. Rubin, A. S. Bahler, et al. 


Instantaneous Nonarrhythmic Cardiac Death in Acute Myocardial 
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Better i 
patient compliance 


because there are 


fewer doses to take 


H. A 


Quinaglute maintains normal sinus rhythm 
with a convenient 8 or 12 hour dosage schedule. 


The convenient dosage schedule of 1 to 2 tablets every 8 or 12 
hours can mean improved compliance in patients who tend to 
forget or skip medication requiring more frequent administration. 
In addition, QUINAGLUTE® Dura-Tabs® provide the following 
advantages: 


e Special wax matrix permits gradual release of quinidine glu- 
conate to maintain quinidine plasma levels for 8 to 12 hours 


e Convenient 8 or12 hour dosage schedule helps avoid middle- 
of-the-night dosage and early morning reversion 


e Prolonged control without peaks and valleys in plasma levels 


e Well-tolerated, with few gastrointestinal disturbances to inter- 
fere with patient cooperation and compliance 


Since most pharmacies have established patient drug profiles as a 
service to the community, you might advise your cardiac patients to 
use one pharmacy for all their prescription needs. This will help 
assure that the total therapeutic regimen is being carried out. Should 
any questions, untoward reactions or other problems develop, each 
person in the “physician-pharmacist-patient” alliance will be aware of 
it. Please forward your compliance tip to Cooper Laboratories, 300 
Fairfield Road, Wayne, New Jersey 07470, Att: Mr. W.F Cronin. 


Patients with cardiac arrhythmias remember 





Indications: 

Premature atrial and ventricular contractions. Paroxysmal 
atrial tachycardia, Paroxysmal A-V junctional rhythm. Atrial 
flutter. Paroxysmal atrial fibrillation. Established atrial 
fibrillation when therapy is appropriate. Paroxysmal ven- 
tricular tachycardia when not associated with complete 
heart block. Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 

NOTE: Depending upon the response desired, the dosage 
may need to be varied and the blood level and/or electro- 
cardiographic response closely monitored during initial 
treatment. 


Contraindications: Aberrant impulses and abnormal 
rhythms due to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intraventricular 
conduction defects, especially those exhibiting a marked 
grade of QRS widening. Renal disease resulting in signifi- 
cant azotemia, or those developing cardiotoxic effects 
such as conduction defects; ventricular premature beats, 
ventricular tachycardia or flutter while on the drug. Marked 
cardiac enlargement, particularly with congestive failure, 
poor renal function, and especially renal tubular acidosis. 
Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive reduction 
in the degree of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 


Precautions: The precautions to be observed include all 
those applicable to quinidine. A „preliminary test dose of 
a single tablet of quinidine sulfate should be administered 
to determine if the patient has an idiosyncrasy to quinidine. 
Hypersensitivity to quinidine, although rare, should con- 
stantly be considered, especially during the first weeks of 
therapy. 

Quinidine in large doses may reduce the contractile 
force of the heart; therefore, extreme caution should be 
exercised in using the drug in patients with severe heart 
disease, hypotension or digitalis intoxication. 

It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, 
electrocardiographic monitoring, and possibly plasma 
quinidine levels, is indicated when large doses are used, 
or with patients who present an increased risk. 


Adverse Reactions: Cinchonism, tinnitus, decreased audi- 
tory acuity, vertigo, headache, blurred vision, color percep- 
tion disturbances, photophobia, diplopia, night blindness, 
scotomata, reduced visual fields, mydriasis, hypotension, 


respiratory distress, and gastrointestinal disturbances. 
101-48R 
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DELICIOUS 


10% LIQUID 


(potassium chloride) 


Each tablespoonful (15 ml) contains 20 mEq of potassium chloride (provided 
con chloride 1.5 g) in a palatable cherry-with-pit flavored vehicle, 


Delicious cherry-with-pit flavor. 
If you've tasted it, you know 
KLORVESS® (potassium chloride) 
10% Liquid provides a delicious 
natural flavor. So good, in fact, 
that it should be mixed only with 
water. 





THE SUBTLE MIXER 


KIORVESS' 
EFFERVESCENT 


Each dry, sodium- and sugar-free ty tab- 
let contains 20 mEq each of potassi 

chloride supplied by Potassium Pr choride 1 aos 9, 
ae ng 0.54, L-lysine monohydro- 


TABLET 


Or whatever flavor your patients 
like . . . because the taste of 
KLORVESS® Effervescent Tablets 
is determined by what theyre 
mixed with. The subtle mixer. 


Convenience in therapeutic doses. 
Both forms of KLORVESS offer 

20 mEq of potassium and chloride 
in each dose. There is no need to 
prescribe several slow-release 
tablets per dose or space dosage 
administration beyond the 
patients normal routine. 

Prescribe KLORVESS Liquid 

or KLORVESS Effervescent 

Tablets . . . for potassium 
supplement therapy that offers 
good taste and convenience at 
therapeutic dosages. 


TET KEP ANS TROT SIE 


Description: Klorvess Effervescent Tablets: Each dry, 
and sugar-free effervescent tablet contains 20 meq 4 each oo s 
potassium and chloride supplied by potassium chloride 1.125 g, 
a bicarbonate 0.59, DL bein panoi nyaroonorgo U 9i 9139. 
issolution of the tablet in water provides appre and 
chloride available for oral ingestion as potassium chloride, 
frends bicarbonate, potassium citrate and L-lysine mono- 
rochloride 


rvess (potassium chloride) 10% Liquid: Each tab 
ful as mi) contains 20 mEq of potassium chloride (prov fed 
by potassium chloride 1. 54 in a palatable, cherry-with-pit 
flavored vehicle, alcohol in 


Indications: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. 

Deficits of body poussin and chloride can occur as a con- 
sequence of therapy with potent diuretic agents and adrenal 
corticosteroids. 


Contraindications: Severe renal impai Bip hokage Lag hes 
ANR roal untreated Addison's disease, Familial Periodic 
Paralysis, acute dehydration, heat cramps, patients receiving 
aldosterone-inhibiting or potassium-sparing diuretic agents, or 
hyperkalemia from any cause. 


Precautions: In response to a rise in the concentration of 


Potassium, renal excretion of the ion is increased. In the ee 4 


of normal renal function and hydration, it is difficult to produce 
Potassium intoxication by oral potassium salt supplements. 


Since the extent of potassium deficiency cannot be accurately 
pense it is a to proceed cane 2 n a 


High seru m concentrations of potassium mi Bote death 
through dec depression, arrhythmia or c arrest. 


To minimize gastrointestinal irritation associated 
chloride preparations, patients should dissove each Sr one a 
Effervescent Tablet in 3 to 4 ounces of water or fruit juice, or 
dilute each tablespoonful of Klorvess (potassium chloride ae 
Liquid in 3 to 4 ounces of water. Both a these solutions 
be ingested slowly with or immediately after meals. 


Adverse Reactions: Abdominal discomfort, diarrhea, nausea and 
vomiting may occur with the use of potassium salts. 


The symptoms and signs of potassium intoxication include 
Paresthesias, heaviness, muscle weakness and flaccid 

of the extremities. Potassium intoxication can produce listless- 
ness, mental confusion, a fall in blood pressure, shock, 
arrhythmias, heart block and cardiac arrest. 


appearance of tall, ed T waves. -e R wave is di 


amplitude 
it rpn pilk Occasion: Jr apparent elevation of the RST 
aas a cove plane RS-T segment and T wave will be noted 


Dosage and Administration: Klorvess Effervescent Tablets: Adults 
—One Klorvess Effervescent Tablet (20 mEq each of potassium 
and chloride) completely dissolved in 3 to 4 ounces of cold 
water or fruit juice 2 to 4 times daily depending upon the require- 
ab vA the patient. 


sae (poise chloride) 10% Lae Adults—One 

Fah tekki (15 ml) of Klorvess Liquid (20 mEq of potassium 
chloride) completely diluted in 3 to 4 ounces of water 2 to 4 times 
daily depending upon the requirements of the patient. 

Both of these — should be ingested slowly with meals or 
immediately after eating. Deviations from these recommended 
dosages pe be indicated in certain cases of ia based 
upon the patient's status. The average total dosage must be 
governed by the patient's response as determined by frequent 
evaluation of serum electrolytes, EKG and clinical status. 


Overdosage: Potassium intoxication may result from overdosage 
of potassium or from therapeutic dosage in conditions stated 

under ‘‘Contraindications."’ Hyperkalemia, when pov pe must 
ja — immediately because lethal levels can be reached in a 
few hours. 


Treatment of ae 1. Dextrose solution, 10 or 25% 

containing 10 u ine insulin per 20 g 

glen IV ina dose of 30 o 500 ml in an hour. 2. 9 sorption and 
change of potassium using sodium or ammonium cycle cation 
resins, oraffy and as retention enema., (Caution 

Anni um compouni suid not be used nats with 

hepatic cirrhosis.) 3. Hemodialysis and peritoneal 

4. The use of potassium-containing foods or OC D 

be eliminated. In digitalized patients too rapid a lowering a 

plasma potassium concentration can cause digitalis toxicity. 


How Supplied: Kiorvess Effervescent Tablets y tablets 
e = itl of 30 Lorinser kee Parae y Bash eet indi- 
foil wrap) jorvess ium 

(dark red)—as a cherry-with-pit flavored liquid in a and 
bottles. Klorvess Tablets and Liquid are also avail vad a 
tional Seen as follows: Klorvess Tablets—30 

Liquid—36 (3 x a x 4 0z unto (se bet bottles 
and 100 (4 x 25) x 15 mi Unit-Dose bottles 
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CLINICAL STUDIES 


Results of Coronary Bypass More Than 5 Years After Operation in 434 Patients. Clinical, 
Treadmill Exercise and Angiographic Correlations 


E Aii 


GERALD M. LAWRIE, GEORGE C. MORRIS, Jr., JIMMY F. HOWELL, JOHN W. OGURA, 
WILLIAM H. SPENCER Ill, WILLIAM R. CASHION, WILLIAM L. WINTERS, 
H. LISTON BEAZLEY, DON W. CHAPMAN, PAUL K. PETERSON and J. T. LIE 


Contrary to the gloomy results of the Veterans Administration Cooperative studies, these more en- 
duringly favorable results indicate, to the investigators at least, the fundamental soundness of the 
saphenous vein coronary bypass procedure to provide sustained symptomatic relief and possible 
prolongation of life for subjects with symptomatic atherosclerotic coronary artery disease. This critical 
analysis of the status of 434 patients subjected to saphenous vein bypass between 1968 and 1971 


` and followed up for 5 to 8 years after operation showed angina decreased in 93.4 percent and com- 


pletely relieved in 51.3 percent. Of patients under 65 years of age, 79.2 percent were still working. 
The average crude annual attrition rate after the first year was 2.3 percent per year, approximately 
the same as that of the general U.S. population after correction for age and sex. The early operative 
mortality rate of 7.1 percent is currently less than 2 percent. Of particular interest was the observation 
that a completely new lesion was twice as likely to appear in a vessel as for a mild lesion to progress 
to a Clinically significant lesion. In the majority of patients, therefore, ‘“‘prophylactic’’ grafts for mild 
lesions will not be beneficial because these lesions rarely progress. 


Improvement in Exercise Performance After Unsuccessful Myocardial Revascularization 


TERENCE A. BLOCK, JOHN A. MURRAY and MILTON T. ENGLISH 


Despite the occlusion of all grafts after aortocoronary bypass surgery, 52 percent of 23 patients in 
this study related improvement of at least one functional class, and 5 were asymptomatic. This study 
demonstrates that the course of patients with unsuccessful coronary arterial grafting is variable and 
that mechanisms of improvement unrelated to graft patency may contribute to favorable postoperative 
results. In some but not all subjects, the improvement was related to myocardial infarction. This group 
demonstrated statistically significant postoperative improvement in values for functional aerobic 
impairment, exercise duration, maximal heart rate and pressure-rate product. However, infarction 
cannot completely explainhe improved exercise capacity. 


The False Positive Stress Test. Multivariate Analysis of 215 Subjects With Hemodynamic, 
Angiographic and Clinical Data 


MYRVIN H. ELLESTAD, SAUL SAVITZ, DAVID BERGDALL and JAMES TESKE 


The use of standard computer technique and multivariate analysis incorporating such clinical variables 
as maximal heart rate, maximal systolic blood pressure, contour of S-T segment, age, history of chest 
pain, T waves in resting record, chest pain during test, S-T and T changes with hyperventilation, resting 
electrocardiogram, time of onset of S-T depression and increase in P wave negativity in lead V4 with 
exercise permitted correct reclassification of more than 65 percent of false positive tests that were 
100 percent in error using only exercise electrocardiographic changes. Even in the absence of computer 
availability it is important to use as many of these variables as possible in evaluating patients subjected 
to stress testing. Other data in this hemodynamic, angiographic and clinical study of 215 subjects 
revealed a significant incidence of increased end-diastolic pressure after exercise and angiography 
in the groups with true and false positive exercise tests. This study also suggests that S-T depression 
after exercise indicates some metabolic abnormality and that there are few truly false positive 
tests. 
Continued on page A14 


VOLUME 40 


NUMBER 5 





D | y, 8 fe b DF 
WHO BROUGHT YOU $- 
THE ke- 
CATH LAB 
RECORDER... 





„THE N 
CATH LAB COMPUTER 


Electronics for Medicine has applied simple, procedure oriented controls 
the same physician/procedure to carry out the calculations for all 
orientation you found in the original standard procedures. Best of all, 

E for M DR SIMULTRACE Recorder, when a procedure is finished, so is the 
tothe computerization of cathlabdata. report — including results in-lab 


E for M’s Computer-Aided Cardiac from Efor M’s exclusive, real-time 
Laboratory Data System begins with ventriculogram acquisition and 
the advanced electronic circuitry of analysis program. 

our new VR-12 Recorder — with its If you are thinking about equipping x 


5,000 Hz per channel frequency your cath lab, it will pay you to talk 
response ... ease of interface with the with us. We can apply to your 
computer ... compact size... particular needs the experience 
compliance with hospital safety gained from a number of successful 


codes ... and unsurpassed recording installations. Call your local E for M 
quality. Next, there’s the versatility representative, or our Computer 

of a general purpose computer for Group in Sudbury, Massachusetts, 
innovative research, while providing 617-891-6566. 








SOS aay 
(chlorthalidone USP) | 


Blocks sodium retention longer 


As step-1 therapy 

Diuretics reduce blood pressure by blocking sodium retention to lower 
“effective” volume. But, the body’s renal compensatory mechanisms are 
mobilized to promote sodium conservation, expand “effective” volume 

and reelevate blood pressure. Sustained control of “effective” volume is 

therefore essential to treatment. Hygroton blocks sodium retention longer 

than any other diuretic available. 





As baseline diuretic in step-2 therapy 

Reduced blood pressure resulting from the use of step-2 agents (reser- 
pine, methyldopa, propranolol) may cause compensatory sodium reten- 
tion, secondary volume expansion and, eventually, reelevation of blood 
pressure. For this reason, the National Task Force? recommends the use 
of diuretics as baseline agents with step-2 therapy. Hygroton is an “ideal” 
choice because of its sustained blockade of sodium retention, dosage 


simplicity and enhanced patient compliance. 


roton 50mg. 


(chiorthalidone USP) 


Provides smooth,sustained control 


BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema. 


Contraindications: Anuria, hypersensitivity to chlorthalidone or other 
sulfonamide-derived drugs. 


pablo Should be used with caution in severe renal disease, impaired 
hepatic function or progressive liver disease. May add to or potentiate the 
action of other antihypertensive drugs. Sensitivity reactions may occur in 
patients with a history of allergy or bronchial asthma. Thiazides cross the 
placental barrier and appear in cord blood. Use in pregnant women requires 
that the anticipated benefits of the drug be weighed against possible hazards 
to the fetus. These hazards include fetal or neonatal jaundice, 
thrombocytopenia, and possibly other adverse reactions which have occurred 
in the adult. In nursing mothers, thiazides cross the placental barrier and 
appear in breast milk. If use of the drug is essential, the patient should stop 
nursing. 

Precautions: Periodic determination of serum electrolytes to detect possible 
electrolyte imbalance should be performed at appropriate intervals. All 
patients receiving chlorthalidone should be observed for clinical signs of fluid 
or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte determinations are particularly 
important when the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to hypokalemia. Digitalis 
therapy may exaggerate metabolic effects of hypokalemia especially with 
reference to myocardial activity. Any chloride deficit is generally mild and 
usually does not require specific treatment except under extraordinary 
circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or 
gout be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent diabetes 
mellitus may become manifest. Chlorthalidone and related drugs may 
increase the responsiveness to tubocurarine. The antihypertensive effects of 


the drug may be enhanced in the postsympathectomy patient. Chlorthalidone 
and related drugs may decrease arterial responsiveness to norepinephrine. If 
progressive renal impairment becomes evident, as indicated by a rising 
nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic 
therapy. Chlorthalidone and related drugs may decrease serum PBI levels 
without signs of thyroid disturbance. 


Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, cramping, 
diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; 
leukopenia, agranulocytosis, thrombocytopenia, aplastic anemia; purpura, 
photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous 
vasculitis), Lyell's syndrome (toxic epidermal necrolygs). Orthostatic 
hypotension may occur and may be aggravated by alcohdi, barbiturates or 
narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. 
Whenever adverse reactions are moderate or severe, chlorthalidone dosage 
should be reduced or therapy withdrawn. 


Usual Dose: One tablet daily. 


How Supplied: Tablets— 100 mg. (white, scored) and 50 mg. (aqua) in bottles 
of 100 and 1000; PAKs of 28 tablets, boxes of 6. 


References: 

1. Laragh, J.H. et al.: Vasoconstriction - volume analysis for understanding 
and treating hypertension: The use of renin and aldosterone profiles, in 
Hypertension Manual (Laragh, J.H., ed.), New York, Dun-Donnelley, 1974, 


pp. 824-825. 2. Report of the Joint National Committee on Detection, Evaluation, 


and Treatment of High Blood Pressure: A Cooperative Study, JAMA 237:255, 
January 17, 1977. 
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Insensitivity of Echocardiography in Detecting Mitral Valve Prolapse in Older Patients 
With Chest Pain 


JOSEPH F. RUWITCH, Jr., ALAN N. WEISS, JEROME L. FLEG, ROBERT C. McKNIGHT and 
PHILIP A. LUDBROOK 


This study indicates a low diagnostic sensitivity rate of the echocardiogram for mitral valve prolapse 
(9 percent) in 12 patients (mean age 47 years) with angiographically proved prolapse. The 11 high 
quality echocardiograms revealed mitral valve prolapse in only one case, were “probably” negative 
in two and clearly negative in eight. These results indicate that false negative echocardiograms are 
common in the selected older population and that precaution must be exercised in the clinical inter- 
pretation of a single echocardiogram negative for mitral valve prolapse. Whether the diagnostic yield 


"may be enhanced with multiple repeat echocardiograms is questionable because none of the six late 


repeat studies in this series showed a change. 


Mechanism of Paradoxical Early Diastolic Septal Motion in Patients With Mitral Stenosis. 
A Cross-Sectional Echocardiographic Study 


ARTHUR E. WEYMAN, JAMES J. HEGER, GERHARD KRONIK, LEE S. WANN, 
JAMES C. DILLON and HARVEY FEIGENBAUM 


M mode and cross-sectional echocardiography was performed in 36 patients with mitral stenosis 
and 20 normal subjects. In 23 of 25 patients with abnormal septal motion there was a distinct change 
in initial diastolic left ventricular shape, characterized by motion of the septum away from the right 
ventricle and in toward the left ventricular cavity. The data suggest that this abnormal paradoxical 
diastolic septal motion pattern noted in the M mode recording of patients with mitral stenosis is caused 
by a change in left ventricular initial diastolic shape. This change reflects inequality of initial diastolic 
filling of the two ventricles, producing a relative initial diastolic right ventricular volume overload. These 
observations also imply that the geometric model used to calculate angiographic and echocardiographic 
volumes may be inaccurate during part of the cardiac cycle in a significant percent of patients with 
mitral stenosis. 


Internal Recorded Systolic Time Intervals in Hypertrophic Subaortic Stenosis 


MILTIADIS A. STEFADOUROS, MARIO |. CANEDO, ELIAS KARAYANNIS, 
ABDULLA ABDULLA and MARTIN J. FRANK 


In this retrospective analysis of the cardiac catheterization records of 20 patients with documented 
hypertrophic subaortic stenosis the internally measured systolic time intervals were found to be sig- 
nificantly related to the severity of the outflow obstructions as best exemplified in the relation between 
the preejection period/ejection time (PEP/ET) ratio and the mean outflow pressure gradient. Although 
propranolol and isoproterenol may also affect the systolic time intervals by their known effect on the 
heart, this effect can be ignored when the rate-independent PEP/ET ratio is used. The excellent cor- 
relation between internal and external systolic intervals, as reported previously, indicates the potential 
clinical usefulness of utilizing external systolic time intervals in the noninvasive assessment of left 
ventricular outflow obstruction in patients suspected of having hypertrophic subaortic stenosis. 


Computer Analysis of the Orthogonal Electrocardiogram and Vectorcardiogram in 257 
Patients With Aortic Valve Disease 


NICHOLAS A. YANKOPOULOS, W. KENNETH HAISTY and HUBERT V. PIPBERGER 


This computer analysis of left ventricular hypertrophy using the Frank orthogonal electrocardiograms 
of 90 patients with aortic stenosis and 167 with aortic insufficiency revealed the most important QRS 
variable characterizing these groups was increased voltage in a leftward and posterior direction. Al- 
though it was not possible to separate these two entities by electrocardiographic means, with the 
use of a few simple measurements left ventricular overload could be recognized in 70 percent of the 
cases at a specificity level of 95 percent. At the same specificity level, multivariate analysis led to 
a recognition rate of 80 percent. Electrocardiographic measurements correlated significantly with 
the aortic valve gradient but were not useful in predicting the severity of the aortic stenosis. 


Continued on page A17 
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SUMMARY OF PRESCRIBING INFORMATION (isosorbide dinitrate) may be taken for prompt relief of angina pain three or 
Indications: Based on a review of this drug by The National Academy | [Our times daily Although the onset and duration of effect of coronary 
of Sciences—National Research Council and/or other information nitrates may vary, following is the generally reported range of these values 
FDA has classified the indications as follows for CHEWABLE SORBITRATE 

‘Probably” effective: The chewable dosage form of SORBITRATE Onset of Effect: Two to five minutes 
is indicated for the treatment of acute anginal attacks and for prophy Duration of Ettect: One to two hours 
laxis in situations likely to provoke such attacks 


Final classifications of the less-than-effective indications requires 
further investigation. 
Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days of the S E 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. ® 5 mg. 


Adverse Reactions: Headache which may be severe and persistent. Low- 


ering the dose and using analgesics will help control the headaches which ( ISOSORBI DE DI N ITRATE ) 


usually diminish or disappear as therapy is continued. 
Adversereactions seen occasionally: Cutaneous vasodilation with flush- 
ing; transient dizziness and weakness as well as other signs of cerebral UP ILO) 2 HOURS '@) = 
ischemia associated with postural hypotension: individual marked sensi- 
tivity to the hypotensive effects of nitrates wherein severe responses can ANGIN A PROT ECT ION 
occur even with the usual therapeutic dose (alcohol may enhance this e 
effect); drug rash and/or exfoliative dermatitis. AT IM cE AND ANY 
This drug can actas a physiological antagonist to norepinephrine, acetyl- MEALT oes 
choline. histamine and other agents. 
Dosage and Administration: /ndividual Dose: To minimize hypotensive re- OTHER TIM E '@) = STRESS. 
sponses, which may occasionally be severe with chewable doses as low 
as 5 mg., the smallest effective dose should be employed. Chewable tab- ry 


lets are generally given in doses of 5 mg 7 
Dosage Schedule: Smallest eftective dose necessary for the prevention A STUART PHARMACEUTICALS | Wilmington, DE 19897 
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BRIEF SUMMARY 
Indications: Oral potassium therapy for the prevention and treatment of 
hypokalemia which may occur secondary to diuretic or corticosteroid 
administration. May be used in the treatment of cardiac arrhythmias due 
to digitalis intoxication. 
Contraindications: Severe renal impairment with oliguria or azotemia, 
untreated Addison’s disease, adynamia episodica hereditaria, acute 
dehydration, heat cramps and hyperkalemia from any cause. 
Precautions: Potassium intoxication by oral administration 
rarely occurs in patients with normal kidney function, however, 
potassium supplements must be administered with e—tion, 
since the amount of the deficiency or daily dosage ; not 
accurately known. Frequent checks of the clinical status of 
the patient, and periodic ECG and/or serum potassium 
levels should be made. High serum concentrations of 
potassium ion may cause death through cardiac 
depression, arrhythmias or arrest. This drug should 
be used with caution in the presence of cardiac 
disease. 
In hypokalemic states, especially in pa- 
tients on a low-salt diet, hypochloremic 
alkalosis is a possibility that may require 
chloride as well as potassium 
supplementation. 
Adverse Reactions: Nausea, vomiting, 
diarrhea, and abdominal discomfort 
have been reported. The most se- 
vere adverse effect is hyper- 
kalemia. 
Overdosage: Potassium intoxica- 
tion may result from overdosage 
of potassium or from therapeutic 
dosage in conditions stated under 
“Contraindications’’. Hyperkale- 
mia, when detected, must be 
treated immediately because le- 
thal levels can be reached in a few 
hours. 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROHM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 
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EXPERIMENTAL STUDIES 


- Characterization of the “Border Zone” in Acute Regional Ischemia in the Dog 


DAVID J. HEARSE, LIONEL H. OPIE, ISSY E. KATZEFF, WILLEM F. LUBBE, 
TERRY J. VAN DER WERPF, MAX PEISACH and GERRARD BOULLE 


Clarifying some of the recent controversy and speculation concerning the existence or nature of 
gradients in the border zone of infarcted hearts, this comprehensive analysis of myocardial tissue 
after experimentally induced infarction in dogs shows that the myocardial tissue in and around an area 
of regional ischemia may be divided into several zones. All tissue further than 20 mm from the visible 
border of cyanosis appears to be normally perfused and is characterized by normal metabolic and 
electrophysiologic activity. Between 8 and 20 mm from the border and surrounding the ischemic area 
is a region of hyperfused tissue where coronary flow in the periinfarct zone may increase as much 
as 20 to 30 percent above normal and metabolic and electrophysiologic values remain relatively normal. 
Spanning the boundary of the visible area of cyanosis and 8 to 15 mm in width is an area of rapidly 
altering metabolic and electrophysiologic patterns and a rapidly decreasing collateral flow that rarely 
falls below 20 percent of the normal level. The data confirm the existence of a clearly defined border 
zone and suggest that therapeutic salvage of this zone could considerably influence the extent of the 
ultimate infarct. 


Electrophysiologic Effects of Anterior Septal Arterial Occlusion 


IWAO YAMAGUCHI, AVILE E. McCULLEN and WILLIAM J. MANDEL 


Although the atrioventricular (A-V) conduction system in man is supplied by a complex interaction 
from various portions of the left and right coronary arterial tree, in the dog the anterior septal artery 
supplies about 75 percent of the ventricular septum including the bundle of His and major portions 
of the right and left bundle branches. Electrophysiologic measurements in seven anesthetized dogs 
after the anterior septal artery was occluded for 2 hours revealed significant prolongation of the P-Q, 
A-H and H-V intervals, A-V nodal effective and functional refractory periods and duration of the His 
bundle electrogram; prolongation of the sinoatrial conduction time; and a decreased heart rate. QRS 
duration was not significantly prolonged. Fifteen minutes after reperfusion most of these changes, 
but not the H-V or QRS intervals and sinoatrial conduction time, returned toward control values. Re- 
duction of anterior septal flow, at least in dogs, influences the distal and proximal portions of the 
conduction system, the His bundle being most vulnerable. 


Continuous Concealed Ventricular Arrhythmias 


RONALD R. HOPE, BENJAMIN J. SCHERLAG, NABIL EL-SHERIF and RALPH LAZZARA 


This study of 20 dogs 3 to 9 days after experimentally produced myocardial infarction shows direct 
evidence for patterns of continuous electrical activity in the infarct zone which may be expressed 
in the surface electrocardiogram as a ventricular arrhythmia or may remain concealed until atrial pacing 
is stopped and then manifest itself as a ventricular tachycardia. From a basic electrophysiologic 
standpoint these studies suggest that the ‘‘infarcted” epicardium is composed of at least two populations 
of abnormal cells. One group demonstrates electrical activity that fractionates ina Wenckebach cycle 
at relatively slow rates producing coupled ventricular ectopic beats; the other demonstrates activity 
that fractionates extensively without progressive delay and block and can provide the basis of a sus- 
tained ventricular tachycardia. The less chaotic and more organized electrical activity found in these 
studies may account for the occurrence of associated sustained ventricular arrhythmias rather than 
the appearance of ventricular fibrillation. 


SEMINAR 


Seminar on the Mechanics of Ventricular Contraction: Physiologic and Clinical 
Correlations. Introduction. 


KARL T. WEBER 
Continued on page A18 
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Instantaneous Force-Velocity-Length Relations: Experimental Findings and Clinical 
Correlates 


KARL T. WEBER and JOSEPH S. JANICKI 


This review of the properties of muscle shortening serves as a background to the interpretation of 
the failing heart and its response to various therapeutic interventions. Left heart failure represents 
a’compromised contractile process involving the left ventricle that results in an inadequate forward 
flow. Positive inotropic agents such as digitalis improve the contractile state, forward flow and symptoms 
of pulmonary venous hypertension. Vasodilator drugs such as nitroglycerin and phentolamine signif- 
icantly reduce systemic arterial and ventricular end-diastolic pressures while increasing stroke volume 
(wall shortening) in the enlarged failing ventricle with low output and high filling pressure. The combined 
use of a vasodilator with an external counterpulsation device providing unloading without compromising 
coronary flow may be of value in the patient with shock after acute infarction. 


End-Systolic Pressure/Volume Ratio: A New Index of Ventricular Contractility 


KIICH| SAGAWA, HIROYUKI SUGA, ARTIN A. SHOUKAS and KENNETH M. BAKALAR 


Experiments in 12 excised cross-circulated left ventricles of dogs showed a rather simple relation 
between the instantaneous pressure and instantaneous volume that is insensitive, at least in systole, 
to pre- and afterloading conditions. Ventricular pressure/volume ratio at end-systole is relatively in- 
sensitive to cardiac loading and varies in response to changes in ventricular contractility. The clinical 
viability of this basic finding rests on the substitution of diameter for volume, and diameter can be 
measured using a noninvasive ultrasonic technique in the clinic. Studies in the isolated heart preparation 
found that the end-systolic pressure/diameter ratio is similarly insensitive to loading conditions and 
sensitive to inotropic interventions. Preliminary results from conscious dogs and clinic patients using 
this ratio are reported. 


Instantaneous Force-Velocity-Length Relations in the Intact Human Heart 


WILMER W. NICHOLS, C. RICHARD CONTI and CARL J. PEPINE 


With the help of a catheter-tip velocity transducer, this study demonstrated that the instantaneous 
force-velocity-length relations of the heart can be used to separate patients with normal left ventricular 
function from those with imparied function due to ischemic heart disease. These measurements showed 
force-velocity-length relations in five patients with normal left ventricular function clearly differed 
from those in five patients with impaired left ventricular function. Circumferential fiber shortening 
at peak force provided the best statistical separation between these two groups of patients. The main 
limitation of this transducer is that for best accuracy it must sense the total ejected stroke volume. 


STUDIES ON HYPERTENSION 


Relation Between the Hypotensive and Renin-Suppressing Activities of Alpha Methyldopa 
in Hypertensive Patients 3 


GASTONE LEONETTI, LAURA TERZOLI, ALBERTO MORGANTI, MARCELLO MANFRIN, 
CARLO BIANCHINI, CARLA SALA and ALBERTO ZANCHETTI 


Hospitalized patients with essential hypertension and normal or low renin levels responded well to 
the hypotensive action of alpha methyldopa. The hypotensive action of this drug does not depend on 
the simultaneous decrease in plasma renin activity. These data do not disprove that patients with a 
very high renin level may be more sensitive to alpha methyldopa or that in such patients the hypotensive 
action of the drug may independently depend on renin suppression. Furthermore, these data do not 
support the use of plasma renin activity as a pathophysiologic tool for selecting patients responsive 
to the hypotensive action of alpha methyldopa. 


Continued on page A20 
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METHODS 


Problem of Diffuse Cardiac Uptake of Technetium-99m Pyrophosphate in the Diagnosis of 


Acute Myocardial Infarction: Enhanced Scintigraphic Accuracy by Computerized 


Selective Blood Pool Subtraction 


DANIEL S. BERMAN, EZRA A. AMSTERDAM, HORACE H. HINES, GERALD L. DENARDO, 
ANTONE F. SALEL, RICHARD IKEDA, ANNE-LINE JANSHOLT and DEAN T. MASON 


Employing the injection of a readily available radiopharmaceutical agent and standard computer 
software, this study demonstrates a practical technique for selective cardiac blood pool subtraction 
that clearly improves the overall effectiveness of the pyrophosphate scintigram in the detection of 
acute myocardial infarction. The clinical utility of this selective subtraction technique was assessed 
in 35 patients with equivocal pyrophosphate scintigrams and in an additional 13 patients with probably 
abnormal scintigrams. The finding of a negative subtraction image made the presence of acute infarction 
much less likely than the finding of an equivocal pyrophosphate scintigram alone. Although this 
technique is helpful for the detection of infarction, it is not applicable for the determination of infarct 
size. 


PEDIATRIC CARDIOLOGY 


Echocardiographic Assessment of the Relation Between Left Ventricular Wall and Cavity 
Dimensions and Peak Systolic Pressure in Children With Aortic Stenosis 


KALIM U. AZIZ, ALBERTUS van GRONDELLE, MILTON H. PAUL and 
ALEXANDER J. MUSTER 


This study of 19 children with congenital aortic stenosis shows simple direct echocardiographic 
measurements of left ventricular end-diastolic posterior (h) and septal wall thickness and minor semiaxis 
(r) used with the regression equation; left ventricular pressure (mm Hg) = 6 + 298 (h/R) + 13.4, provides 
a useful noninvasive means of assessing left ventricular peak systolic pressure in such patients without 
myocardial decompensation. Left ventricular peak systolic circumferential wall stress remained rel- 
atively constant and normal over a broad range of peak systolic pressures. The end-diastolic h/r ratio 
and left ventricular mass/end-diastolic volume ratio had highly significant linear relations to the left 
ventricular peak systolic pressure. Such echocardiographic assessments can assist in the long-term 
management of patients with congenital aortic stenosis and in the selection of appropriate patients 
for additional invasive cardiac catheterization studies or surgical therapy. 


Development of the Pulmonary Circulation in Ventricular Septal Defect: A Quantitative 
Structural Study 


SHEILA G. HAWORTH, URSULA SAUER, KARL BUHLMEYER and LYNNE REID 


The application of quantitative morphometric techniques in this study of nine children who died with 
a ventricular septal defect between the ages of 3 months and 4 years demonstrates for the first time 
that the presence of a ventricular septal defect in association with pulmonary hypertension interferes 
with the growth and development of the pulmonary circulation and identifies more precisely the site 
and severity af increased pulmonary arterial and venous muscularity. The consistent failure of the 
intraacinar pulmonary circulation to develop normally in this series suggests that early closure of a 
large ventricular septal defect, preferably before the age of 2 years, should be recommended in children 
with pulmonary hypertension when spontaneous closure is unlikely, particularly because of the rapidity 
with which impairment of growth of pulmonary circulation and elevation of resistance can devel- 
op. 


REPORTS ON THERAPY 


Effect of the Vasodilator Trimazosin Versus Placebo on Exercise Performance in Chronic 
Left Ventricular Failure 


WILBERT S. ARONOW, ROBERT S. GREENFIELD, HOSSEIN ALIMADADIAN and 

DANIEL T. DANAHY 

Trimazosin, a new experimental vasodilator and effective antihypertensive agent with clinically sig- 
nificant venodilatory and direct arteriolar dilatation effects, reduced the resting systolic and diastolic 
Continued on page A23 
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Burdick’s new J For immediate examination, 


3-channel automatic you get scratch-resistant, 
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easy-to-read BlueTrace | 
ECGs for computer analysis, 3-channel paper. d 
ready for your review. 

Burdick designed the EK-7 4 
acquisition system to use the Burdick and | 
interpretive potential of computer-assisted 
computer programs already in electrocardiography - 
service, even though they may help meet your needs. — 


When you invest in an EK-7, | 
you invest in your practice. | 
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Monitoring Electrodes offer: 


Minimal interference. Individually Hypoallergenic gentleness. With 

sealed, flat styled RED DOT® Brand Monitor- MICROPORE*“ Brand Surgical Tape as the 
ing Electrodes with built-in abrader pad backing, your patients’ skin will ventilate 

can help minimize your artifact problems. freely and remain virtually free from chemical 
Use RED DOT Monitoring Electrodes or allergic reaction. RED DOT foam 

for an excellent, noise free tracing. tape backed electrodes use the same 


MICROPORE tape adhesive. 


Adhesive strength. The adhesive 
on all RED DOT Electrodes permits them to Contact your 3M Sales Representative for 
stay in place for days. 
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2 blood pressures and the resting product of systolic blood pressure and heart rate in this study of 16 
j patients with chronic left ventricular failure unrelieved by digitalis and diuretic therapy. Patients given 
this drug also showed increased exercise tolerance. Four of eight patients receiving trimazosin had 
disappearance of pulmonary venous congestion on chest roentgenography compared with none of 
eight patients receiving placebo. These preliminary data suggest that trimazosin may be useful in 
treating chronic left ventricular failure, but more study is necessary. One patient had an acute myocardial 

infarction with ventricular fibrillation on the 32nd day of trimazosin therapy. 


794 Hemodynamic Advantage of Combined Administration of Hydralazine Orally and Nitrates 
Nonparenterally in the Vasodilator Therapy of Chronic Heart Failure 


BARRY MASSIE, KANU CHATTERJEE, JEFFREY WERNER, BARRY GREENBERG, 
RICHARD HART and WILLIAM W. PARMLEY 


The main rationale for using vasodilator drugs in heart failure and their beneficial hemodynamic and 
clinical effects is their reduction of left ventricular preload and afterload, thereby decreasing pulmonary 
venous pressure and increasing cardiac output. In this study of 12 patients with chronic refractory 
heart failure nonparenterally administered nitrates, which act primarily on venous capacitance vessels 
to reduce preload, and orally administered hydralazine, which acts on arteriolar resistance vessels 

A to reduce afterload, were given individually and in combination during continuous hemodynamic 
monitoring. Nitrates significantly reduced filling pressures of both ventricles without affecting cardiac 
index; hydralazine dramatically increased cardiac index without altering filling pressures. The hemo- 
dynamic effects of each drug proved additive during combined therapy. 


DIAGNOSTIC SHELF 


802 Echocardiographic Equivalents of a Flail Mitral Leaflet 


WILLIAM C. HUMPHRIES, Jr., WILLIAM J. HAMMER, MICHAEL T. McDONOUGH, 
GERALD LEMOLE, RICHARD R. McCURDY and JAMES F. SPANN, Jr. 


The echocardiograms of 11 patients with a flail mitral leaflet revealed at least one of four specific 
patterns: systolic echoes in the left atrium, coarse diastolic fluttering of the anterior mitral leaflet, 
paradoxical movement of the posterior leaflet in systole and diastole and early diastolic fluttering of 
the posterior mitral leaflet. If mitral regurgitation is present, the demonstration of any of these four 
patterns indicates a tear or rupture of a portion of the mitral apparatus. The specific echocardiographic 
abnormalities were not related to the cause or severity of the mitral regurgitation but were determined 
by the location of the tear and the portion of the flail leaflet traversed by the ultrasonic beam. 


808 Echocardiographic Findings in Severe Paradoxical Pulse Due to Pulmonary Embolization 
i HOWARD WINER, ITZHAK KRONZON and EPHRAIM GLASSMAN 


As shown in this 47 year old man with acute pulmonary embolism, respiratory distress may cause 
clinically evident severe paradoxical pulse with marked decreases in pulse pressure. Echocardiography 
demonstrated inspiratory failure of the aortic valve to open, a decrease in left ventricular cavity size 
and a decrease in mitral valve diastolic excursion but no evidence of percardial effusion or myocardial 
dysfunction. The echocardiogram suggested an inspiratory decrease in left heart volume. Thessevere 
decrease in arterial pressure and failure of the aortic valve to open during inspiration are attributed 
to a severe decrease in left ventricular stroke volume and pressure related to inspiratory pooling in 
the pulmonary veins in the face of a decreased cardiac output. 


CASE REPORTS 


811 Pacemaker-Induced Endocardial Friction Rub 


ROBERT D. GLASSMAN, R. JOE NOBLE, MORTON E. TAVEL, WILLIAM R. STORER and 
PAUL E. SCHMIDT 


Endocardial friction rubs were heard in two patients after the placement of a temporary transvenous 
pacemaker and disappeared after its removal. Neither patient had evidence suggestive of perforation 
or myocardial damage. These endocardial friction rubs are attributed to contact of the pacing wire 
with the endocardium. 

Continued on page A25 
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815 Traumatic Right Coronary Artery-Right Ventricular Fistula With a Retained 
Intramyocardial Bullet 


BARRY R. ALTER, JAMES R. WHEELING, HAL A. MARTIN, JOSEPH P. MURGO, 
ROBERT L. TREASURE and GEORGE M. McGRANAHAN, Jr. 


This case of a 39 year old man who sustained a gunshot wound to the right side of the chest is unique 
in that the penetrating wound produced an isolated right coronary artery-right ventricular fistula and 
the bullet remained in the inferior aspect of the septum. The patient was operated on and the fistula 
was closed to prevent aneurysmal dilatation of the coronary artery and an increase in the left to right 
shunt. No attempt was made to remove the bullet because it did not appear to interfere with cardiac 
function. In this type of condition the surgical treatment of choice may be coronary arterial ligation 
with a distal bypass graft if necessary. 


820 Pheochromocytoma of the Urinary Bladder: a Broad Clinical Spectrum 


A. JARRELL RAPER, E. FORREST JESSEE, JOHN H. TEXTER, Jr., RONALD F. GIFFLER 
and SVEN-OLA HIETALA 


This report describes a pheochromocytoma of the urinary bladder in a 20 year old housewife who 
presented with symptoms of catecholamine excess and severe hypertensive spells often induced 
by micturition. Treatment with phentolamine, given during diagnostic tests, and surgery successfully 
controlled the blood pressure and permitted an uneventful resection of the pheochromocytoma. After 
surgery the patient had no more spells, and vision, blood pressure and fundi were normal. In addition 
to the data from this patient, 35 previously reported cases are analyzed. 


825 Rupture of the Papillary Muscle of the Tricuspid Valve. A Complication of 
Cardiopulmonary Resuscitation and a Rare Cause of Tricuspid Insufficiency 


JOSEPH L. GERRY, Jr., BERNADINE H. BULKLEY and GROVER M. HUTCHINS 


Rupture of the right ventricular papillary muscle in two patients is attributed to trauma during external 
cardiac massage. One patient survived briefly with clinical evidence of tricuspid regurgitation imme- 
diately after resuscitation. Patients with a dilated right ventricle may be more susceptible to this rare 
complication of cardiopulmonary resuscitation. Tricuspid regurgitation as a result of papillary muscle 
rupture should be considered in patients with a history of trauma, myocardial infarction, endocarditis 
or external cardiac massage who present with right ventricular failure of obscure cause. 


SPECIAL DEPARTMENTS 
829 Letters to the Editor 


Unusual Echocardiographic Manifestation of Pericardial Fluid—H. Alvarez, L. Sasse, J. J. Kleid, et al. 
Amyloid Heart Disease—C. Y. C. Chew, M. J. Raphael, C. M. Oakley, et al. 
Systemic Infiltrative Cardiac Disease—J. S. Child, J. S. Borer, W. L. Henry, et al. 


Paradoxical Motion of Interventricular Septum in Absence of Shunting—B. L. Strunk, S. Rubin, A. S. Bahler, et 


al. 


Instantaneous Nonarrhythmic Cardiac Death in Acute Myocardial Infarction—l, Il and III—H. Zilcher, H. Laimer, 


D. Glogar, et al. 
Abnormal Drainage of Inferior Vena Cava—A. Yazdanyar, J. G. Shakibi, E. F. Doyle 
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ECG SYNCHRONIZED 
INJECTOR 


3 DISPOSABLE STANDARD SYRINGES, AUTOMATIC REFILLING. 

, INJECTION SPEED 7ML/SEC 

|. INJECTION VOLUME 1 TO 10ML. 
POWERED BY COMPRESSED AIR FROM AIR BOTTLE, OR HOSPITAL 
AIR SYSTEM. 

$ EQUIPPED WITH OWN ECG AMPLIFIER AND ECG OUTPUT. 
COMPLETE SAFETY, OPTICAL ECG INPUT ISOLATION POWERED BY 

RECHARGEABLE BATTERY. 

ROTIN DELAY ADJUSTABLE DIRECTLY IN % OF CARDIAC 


 ““CARDIOMAX” CIRCULATORY SYSTEM COMPUTER 


MEASURES: 


CARDIAC OUTPUT 

MEAN TRANSIT TIME 
CENTRAL BLOOD VOLUME 
SYSTEMIC RESISTANCE 
THREE BLOOD PRESSURES 


BY 
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Thermodilution Cardiac Output Computer 
“CARDIOTHERM-500" 





*WILL WORK WITH ANY THERMISTOR CATHETER. 

*RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
_DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 

*AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 
TURE AND INDICATOR TEMPERATURE. 

*AUTOMATIC ZEROING. 

*ISOLATED CHART RECORDER OUTPUT. 

*EXTRAPOLATES DILUTION CURVE. 

*SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 

* PRICE: $3,500.00. 
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Sustained Action 





(pentaerythritol tetranitrate) 80 mg 
Peritrate” 
(pentaerythritol tetranitrate) 40 mg 
Peritrate” 
(pentaerythritol tetranitrate) 20 mg 
Peritrate” 
(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release layer 
and 60 mg in sustained release base). Each tablet of Peritrate 40 mg 
contains pentaerythritol tetranitrate 40 mg. Each tablet of Peritrate 
20 mg contains pentaerythritol tetranitrate 20 mg. Each tablet of 
Peritrate 10 mg contains pentaerythritol tetranitrate 10 mg. Peritrate 
(pentaerythritol tetranitrate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows: 

“Possibly” effective: Peritrate (pentaerythritol tetranitrate), is 
indicated for the relief of angina pectoris (pain associated with 
coronary artery disease). It is not intended to abort the acute 
anginal episode but it is widely regarded as useful in the pro- 
pryiaong treatment of angina pectoris. 

inal classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug. 

Warning: Data supporting the use of Peritrate (pentaerythritol tetra- 
nitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents. 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug, and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of medi- 
cation) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In some 
cases severe, persistent headaches may occur. 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and weakness, as well as 
other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop. 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and col- 
lapse) Can occur, even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate (pentaerythritol tetranitrate) may be administered 
in individualized doses up to 160 mg a day. Dosage can be initiated 
at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 40 mg 
(two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour before 
or one hour after meals and at bedtime. Alternatively, Peritrate Sus- 
tained Action 80 mg can be administered on a convenient b.i.d. 
dosage schedule. 

Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60). Also 
unit dose, package of 10 x 10 strips (N 0047-0004-11). 

Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tablets 
in bottles of 100 (N 0047-0008-51). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 
tablets in bottles of 100 (N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also unit dose, package of 10 x 10 strips (N 0047-0001-11). 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 
1000 (N 0047-0007-60). 

STORE BETWEEN 59° and 86° F (15° and 30° C). 

Animal Pharmacology: In a series of carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 48 
hours before an artifically induced occlusion of a major coronary 
artery and for seven days thereafter. The pigs were sacrificed at 
various intervals for periods up to six weeks. The result showed a 
significantly larger number of survivors in the drug-treated group. 
Damage to myocardial tissue in the dru vers survivors was less 
extensive than in the untreated group. Studies in dogs subjected to 
oligemic shock through progressive bleeding have demonstrated 
that Peritrate (pentaerythritol tetranitrate) is vasoactive at the post- 
arteriolar level, producing increased blood flow and better tissue 
perfusion. These animal experiments cannot be translated to the 
drug's actions in humans. 

Full information is available on request. 
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CARDIAC 
AUSCULTATION 


18 multi-media modules present the 
physiological and clinical aspects of 
the normal and abnormal human heart 


Each module consists of a sound color film or 
videocassette, audiocassette, a set of slides, and 
a booklet. The first module provides basic infor- 
mation on auscultation and the normal heart; each 
of the others is concerned with a specific cardiac 
lesion or group of lesions. Elements in a module 
complement one another, but may be used in- 
dependently. 


Films or videocassettes present heart sounds and 
murmurs in real time and slow motion, full-color 
diagrammatic animation of the heart, with syn- 
chronized sounds and murmurs, and simultaneous 
displays of pressure curves and sound notations. 


Audiocassettes include auscultatory techniques, 
examples of auscultatory findings, exercises in 
discrimination, and interpretation with answers. 


Slides include diagrams, examples of pathology, 
X-rays, angiograms, ECGs, and echocardiograms. 


Booklets describe and illustrate hemodynamic 
changes and auscultatory features, etiology, path- 
ology, physical signs, presentation, ECG, X-ray, 
echocardiographic features, history, and treatment. 


Edited by Alan Harris, M.D., M.B., M.R.C.P.; 
George Sutton, M.D., M.B., B.Chir., F.R.C.P.; and 
Malcolm K. Towers, M.B., B.Chir., F.R.C.P.; with 
a staff of international cardiologists; foreword by 
W. Proctor Harvey, M.De 


North American edition distributed by J.B. Lippincott 
Company; produced in England by Medi-Cine Ltd. 


Lippincot 


For full information write: 
Department of Audiovisual Media 
Division of Higher Education 

J.B. Lippincott Company 

East Washington Square 
Philadelphia, Pa. 19105 


Toll Free Number: (800) 523-2945 
In Pennsylvania call collect: 
(215) 574-4442 
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BRIEF SUMMARY OF PRODUCT INFORMATION 
BALLOON WEDGE PRESSURE CATHETERS 


Indications: For sampling blood for oxygen levels and measuring pressures 
in the right heart, including central venous, right ventricular, pulmonary 
artery. and pulmonary artery wedge pressure. Also indicated in anatomical 
cardiac defect cases to sample blood and measure pressures in any chambers 
that can be tered from the right heart. Warning:.Pulmonary artery perfora 
tion. thrombosis, segmental pulmonary infarction, transient obstruction of 
the pulmonary outflow by the inflated balloon, balloon ruptur 
serious sequelae, premature ventricular contractions, and knotting of the 
catheter have been reported as complications of the use of balloon catheters 
Balloon rupture with possible latex embolus is a potential complication in 
the use of balloon catheters. Precaution: In pressure monitoring at bedside 
heter has been introduced in an antecubital vein, patient's arm 
should be immobilized to reduce the possibility of catheter advancement due 
to arm motion 


BERMAN ANGIOGRAPHIC CATHETER 


Indications: For use in right-heart catheterization for cardiac angiography. 
pulmonary angiography, and measurement of right-heart and pulmonary 
artery pre ur It can be used to inje Que media and me ure 
pressures in any chamber nd vesse é a 2 from the right 

rt. Warnings: Angiograms should be done with balloon inflate d to mini- 

myocardial staining. When injecting radiopaque media, do not ex 

>d maximum flow rate and press e. Transient obstruction of the pul- 
monary outflow tract, balloon rupture without serious sequelae, prematu 
ventricular contractions, and knotting of catheters are reported complications 

of balloon catheters. Balloon rupture with possible latex embolus 

is a potential complication in the use of balloon catheters. Precaution: Manip- 
ulate catheter carefully and gently to avoid kinking or knotting 


BIPOLAR TEMPORARY PACING W/STYLET AND BALLOON 
TEMPORARY PACING CATHETERS 


Indications: For temporary transvenous cardiac pacing when impulse forma- 
tion or conduction is impaired. Warnings: Myo al perforation, fibrillation 
and arrhythmia, pulmonary embolism, thrombus formation, and infection are 
general complications of transvenous pacing. Balloon rupture with possible 
$ x embolus, vessel perforation, and intimal disruption are potential com- 

s of use of balloon temporary pacing catheters. With the trans- 
brachial approach, malpositioning and perforation occur more frequently 
due to arm movement. Pneumotho air embolism, and puncture of the 
subclavian artery have been reporte h the subclavian approach. Pre- 
cautions: Avoid kinking or bending catheter to prevent damage to internal 
wires or occlusion of inflation lume in bal n pacing catheter). Maintain 
insertion site with regular meticulous redressing performed with aseptic 
technique. Remove stylet from Bipolar Pacing Catheter after it is in position 
because ving stylet in situ increases the potential for perforation 


FOR BALLOON CATHETER USE, IN GENERAL 

General Warning arbon dioxide must be used to inflate balloon if there is 
a possibility that t 3N rupture would result in air embolism in the left heart 
or systemic circulation. Do not infl balloon beyond stated maximum 
inflation ca y. Exer are when passing catheters in patients with left 
bundle-branch bi ight bundle-branch block induced by trau- 
matic catheter pass: uld result in complete heart block and asystole 
General Precautions ) NOt use liquids as balloon-inflation media. Pass 
catheter with continuous cardiographic monitoring and fluoroscopic guid- 
ance, and confirm final tip position by X-ray. Deflate balloon prior to with- 
drawing cath to avoid possible valve damage. Use aseptic technique 
throughout pr dure. All catheters are for sir e only. Do not resterilize 
or reuse. Federal law (U.S.A. ) restricts the d ale n the 

order of a physician. Contraindication: Not fc exce pt as indicated 
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starts witha built-in tip. 


As you can see, the Extracorporeal 
tip is smooth, tapered, unruffled, 
suture free, no wider than the 
catheter itself. The benefits are 
built-in: 

e The introducer is the same size as 
the catheter.* Not larger. This 
means a smaller insertion hole 
and less likelihood of trauma and 
intimal damage. And it simplifies 
introducer selection. 

è Less blood is lost. Because the 
introducer is smaller and because 
the catheter fits it snugly the entire 
length of the catheter. 

e Our tapered tip has a larger 
lumen which reduces the likeli- 
hood of clotting and makes it 
easier to introduce drugs and 
dyes. 

e A smaller diameter catheter may 
be used, because a larger lumen 
also produces pressure measure- 


Mante co 


f a fidelity that can usually 


be matched only by a larger- 
diameter competitive catheter. 

e The tip is suture-free, eliminating 
clotting caused by the sutures’ 
irregular surface. 


Beyond the tip, a host 

of other benefits. 

e Inflation is more convenient 
because every Extracorporeal 
balloon catheter is packaged 
with an appropriately sized 
Syringe. 

e Pure platinum electrodes for 
better electrical characteristics. 
Blood may alter the conductivity 
properties of stainless steel and 


, cause inferior readings. That’s 


why our balloon pacing catheters 
employ only inert platinum for 
electrodes. 

e High pressure tubing used in our 
Berman angiographic catheters 
permits higher pressures to be 


used to achieve better flow rates 


The Baracorporealibulin built- -in tip, 
balloon deflated. 


Other manufacturer's built-on 
tip, balloon deflated. 


when drugs or dye must be injecte 

è More sizes available. Especially ir 
Berman angiographic and wedge 
pressure models. And we can 
supply custom catheters, too. 

e Even our package works hard 
for you. Each catheter comes in its 
own sterile peel-pack that stores 
easily and has a fold down tab 
for quick identification. 

e Our new brochure has all the 
facts. Just let us know where you 
are and we'll send you one. Call 
your Extracorporeal representa- 
tive, or write or call us toll free: 
AA 740. 


xW on ma j exception —the Extracorporeal 4 
size uses 2 2 size introducer 


extracorporeal 


tiacorporeal Medical hate alties Inc 


yal & Ross Roads, King of Prussia, Pa 19406 USA 215-337-2400 
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FD-31P THREE CHANNEL SYSTEM 


ECG/PHONO/PULSE 


A three channel direct writing system for simulta- 
neous recording of three channel ECG or any 
combination of multi Phono/Pulse/ECG data. The 
system retains all the standard features of 3-chan- 

nel ECG with the added provisions of simultaneous 

Heart Sound, ECG and Pulse Wave recording. The d 
FD-31P employs a special envelope detection | 
method and includes the most advanced galva- 
nometer design providing optimum resolution of 
diagnostic information. Electrical safety is attained 

by floating input amplifiers. 


$3950.00 


FJC-7110 “MINI-EGG’ SERIES* PORTABLE, COMPACT, LIGHT- 
WEIGHT, MODULAR CONSTRUCTION, HIGH PERFORMANCE, 
EASY OPERATION. MEETS AHA SPECIFICATIONS.’ 


AC Model 115/220V ac for line operation, $895.00 


DC Model battery operated, includes set of “D” cell 
batteries, $860.00 


` AC/DC Model 115/220V ac and interchangeable “D” 


cell Battery Pack, $945.00 


OPTIONS: 


RBPP-1 Interchangeable rechargeable Battery Power 
Pe including built-in recharges, fits all models, 
150.00 


*Models include all standard accessories. 


Other available products: 





m Two Channel Electrocardiograph (FD-20) m Two Channel Phono, ECG, or Pulse (DP-2S) 


m ECG Tape Cassette System (SFR-11) 
m Three Channel ECG (DU-3S) 


æ Ambulance Monitor 
Æ Monitor Oscilloscope (MS-10) 


E i Call or write for further information. 
3 MEDICAL SYSTEMS CORP. 





Dept A, 230 Middle Neck Raod, Great Neck, New York 11021¢(516) 466-2000 
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~~ Dosing continuity 


throughout the critical care period — 


Plasma Procainamide 
Hydrochloride (4 g/ml) 


| 
| 
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Time 
I V Injection: I V Infusion: Pause: Oral tablets: 
100 mg every 5 minutes 2-6 mg per minute 3 or 4 hours 50 mg/kg/day 
until arrhythmia suppressed Moman MG" Haminersmnithte before oral 
(up to a maximum dose of 1 gram) Ameri Cardiol regimen begun. 
to be administered at a rate 33:661-667, 1974) 


not exceeding 25 to 50 mg/minute. 


For ventricular nae Pronestyl 


arrhythmias, Procainamide 
especially Hydrochloride 


following M I 
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SQUIBB See next page for brief summaries. 





















































ainamide Hydrochloride Capsules U.S.P. 
The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a positive 
ANA titer develops, the benefit/risk ratio related to continued pro- 
cainamide therapy should be assessed. This may necessitate considera- 
tions of alternative anti-arrhythmic therapy. 


DESCRIPTION: Pronestyl (Procainamide Hydrochloride) is the amide ana- 
_ logue of procaine hydrochloride and is available for oral administration as 
capsules and veneer-coated tablets providing 250 mg., 375 mg., and 500 mg. 
_ procainamide hydrochloride. 


CONTRAINDICATIONS: In patients with myasthenia gravis and where a hyper- 
sensitivity to procainamide exists; bear in mind cross sensitivity to procaine and 
_ related drugs. Shtuld not be given to patients with complete atrioventricular 
` heart block. Contraindicated in cases of second degree and third degree A-V 
_ block unless an electrical pacemaker is operative. 


_ ADMINISTRATION: Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be made occasionally to deter- 
‘mine its further need. 


PRECAUTIONS: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage with 
jal fibrillation or flutter, the ventricular rate may increase suddenly as the atrial 
te is slowed; adequate digitalization reduces but does not abolish this danger. 
fentricular tachysystole is particularly hazardous if myocardial damage exists. 
he dislodgment of mural thrombi producing an embolic episode may occur 
orrecting atrial fibrillation due to the forceful contractions of the atrium. 
Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or where 
the use of procainamide may result in additional depression of conduction and 
ventricular asystole or fibrillation as in second degree and third degree A-V 
block, bundle branch block, or severe digitalis intoxication. 
= Bear in mind when treating ventricular arrhythmias in patients with severe 
_ organic heart disease and ventricular tachycardia that complete heart block, 
vhich may be difficult to diagnose, may be present. Since asystole may result if 
he ventricular rate is significantly slowed without attainment of regular atrio- 
- yentricular conduction, procainamide should be stopped and the patient re- 
evaluated. 
In the presence of both liver and kidney damage, normal dosage may produce 
= symptoms of overdosage— principally ventricular tachycardia and severe hypo- 
~ tension. A ; 
A syndrome resembling lupus erythematosus has been reported with main- 
tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
ay also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
nemia, possibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procainamide for 
extended periods of time or in whom symptoms suggestive of lupus-like reaction 
appear; in event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy (see 
boxed Warning). Steroid therapy may be effective if discontinuation of pro- 
‘ainamide does not cause remission of symptoms. If the syndrome develops in a 
ent with recurrent life-threatening arrhythmias not otherwise controllable, 
‘steroid-suppressive therapy may be used concomitantly with procainamide. 


_ ADVERSE REACTIONS: Hypotension is rare with oral administration. Serious 
isturbances of cardiac rhythm such as ventricular asystole or fibrillation are 
more common with I.V. administration. 
= Large oral doses may sometimes produce anorexia, nausea, urticaria, and/or 
- pruritus. 

_ A syndrome resembling lupus erythematosus has been reported (see Precau- 

ions). Reactions consisting of fever and chills have been reported, including a 
case with nausea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 

rum glutamic oxaloacetic transaminase following single doses of the drug. 
\granulocytosis has been occasionally reported following repeated use of the 
drug, and deaths have occurred. Therefore, routine blood counts are advisable 
during maintenance procainamide therapy; and the patient should be instructed 
~ to report any soreness of the mouth, throat, or gums, unexplained fever or any 
_ symptoms of upper respiratory tract infection. If any of these symptoms should 
occur and leukocyte counts indicate cellular depression, procainamide therapy 
= should be discontinued and appropriate treatment should be instituted im- 
mediately. Bitter taste, diarrhea, weakness, mental depression, giddiness, psy- 
= chosis with hallucinations, and hypersensitivity reactions such as angioneurotic 
edema and maculopapular rash have been reported. 

The package insert should be read carefully to become familiar with the 
_ recommended dosage for the indicated conditions and for full prescribing 
= information. } 


OW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tablets) and 
_ Pronestyl Capsules (Procainamide Hydrochloride Capsules U.S.P.) providing 250 
~ mg., 375 mg., and 500 mg. are available in bottles of 100 and Unimatic® single- 
= dose packaging in cartons of 100. The 250 mg. and 500 mg. tablets and capsules 
are also available in bottles of 1000. 
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DESCRIPTION: Pronestyl Injection (Procainamide Hydrochloride Injection 
U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. procainamide 
hydrochloride per ml. The 100 mg./ml. potency contains 0.9% (w/v) benzyl 
alcohol and 0.09% sodium bisulfite as preservatives. The 500 mg./ml. potency 
contains 0.1% methylparaben and not more than 0.2% sodium bisulfite as pre- 
servatives. d 


CONTRAINDICATIONS: In patients with myasthenia gravis and where a 
hypersensitivity to procainamide exists; cross sensitivity to procaine and related 
drugs must be borne in mind. Should not be given to patients with complete 
atrioventricular heart block. Contraindicated in cases of high-degree A-V block 
unless an electrical pacemaker is operative. 


PRECAUTIONS: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage, pro- 
cainamide may produce untoward responses. In atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is slowed; adequate 
digitalization reduces but does not abolish this danger. If myocardial damage 
exists, ventricular tachysystole is particularly hazardous. The dislodgment of 
mural thrombi producing an embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or where 
the use of procainamide may result in additional depression of conduction and 
ventricular asystole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication. 

Parenteral administration should be monitored electrocardiographically when- 
ever practicable. Parenteral administration should be discontinued at once if 
electrocardiograms give evidence of impending heart block. This complication 
should be kept in mind when treating ventricular arrhythmias (especially paren- 
terally) in patients with severe organic heart disease and ventricular tachy- 
cardia who may also have complete heart block. Since asystole may result if the 
ventricular rate is significantly slowed without attainment of regular atrio- O 
ventricular conduction, procainamide should be stopped and the patient re- 
evaluated. 

In the presence of both liver and kidney damage, normal dosage may produce 
symptoms of overdosage — principally ventricular tachycardia and severe hypo- 
tension. 

A syndrome resembling lupus erythematosus has been reported with main- 
tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
may also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
anemia, possibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procainamide for ex- 
tended periods of time or in whom symptoms suggestive of lupus-like reaction 
appear; discontinue drug in event of rising titer or clinical symptoms of LE. 
Steroid therapy may be effective if discontinuation of procainamide does not 
cause remission of symptoms. If the syndrome develops in a patient with recur- 
rent life-threatening arrhythmias not otherwise controllable, steroid-suppressive 
therapy may be used concomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide is a peripheral vasodilator, I.V. 
administration may produce transient but at times severe hypotension partic- 
ularly in conscious patients. I.M. injection is less likely to cause serious falls in 
blood pressure. Serious disturbances of cardiac rhythm such as ventricular asys- 
tole or fibrillation are also more common with I.V. administration. 

A syndrome resembling lupus erythematosus has been reported. Reactions 
consisting of fever and chills including a case with fever and chills plus nau- 
sea, vomiting, abdominal pain, acute hepatomegaly, and a rise in SGOT fol- 
lowing single doses of the drug have been reported. Bitter taste, diarrhea, 
weakness, mental depression, giddiness, psychosis with hallucinations, hyper- 
sensitivity reactions such as angioneurotic edema and maculopapular rash have 
been .eported. Agranulocytosis has been occasionally reported following re- 
peated use of the drug, and deaths have occurred; therefore, routine blood counts 
are advisable during maintenance therapy. If soreness of mouth, throat or gums, _ 
unexplained fever or any symptoms of upper respiratory tract infection should 
oceur and leukocyte counts indicate cellular depression, procainamide therapy 
should be discontinued and appropriate treatment should be instituted im- 
mediately. ‘ 


ADMINISTRATION: Oral administration is preferred. When parenteral therapy 
is necessary, intramuscular administration is the method of choice. /ntravenous 
use should be limited to extreme emergencies, the drug should be administered as 
a dilute infusion, and the patient should be monitored electrocardiographically. 
The intravenous dose should not exceed 1 gram. Administer at a rate not ex- 
ceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable period, elec- 
trocardiograms should be made occasionally to determine its further need. 

The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions. 


HOW SUPPLIED: Pronestyl Injection (Procainamide Hydrochloride Injection _ 
U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 2 ml. vials pro- 
viding 500 mg./ml. 


1BB ‘The Priceless Ingredient of every product 
SOU is the honor and integrity of its maker.’™ 


©1977 E. R. Squibb & Sons, Inc. 447-501 


a aR aay al Aah BRS OS oar RAN Aa eS IB lc UR ih ti a 


z 
E FUTURA ANNOUNCES 
A NEW QUARTERLY JOURNAL 
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Pacing Editor-in-Chief: Seymour Furman . 
And Senior Editors: Serge Barold, Werner Irnich, Victor 
Clinical Parsonnet, Hilbert J. Th. Thalen 
i Associate Editor: John D. Fisher 
Electrophysiology Assistant Editor: Grace A. Giammello 
Editorial Board: Salomao S. Amram, Michael 
PACE will welcome communications in lab- Bilitch, Jurgis Bredikis, Agustin Castellanos, 
oratory and clinical cardiac pacing, electro- William M. Chardack, Philippe Coumel, Jozef K. 
physiology, and the electrostimulation of other rena’. Deter Ger uae Aaa roe 
earn bitoni lk ne on hale system. Guy Fontaine, William W.L. Glenn, Bernard S. 
t wil ave a equate rea ti to accommodate Goldman, J. Warren Harthorne, Motokazu Hori, 
original, review, and didactic articles directed Decio Kormann, Dennis Krikler, Jọhn W. Lister, 
to a readership of a variety of interests. Claude Meere, Jacques Mugica, George Myers, 
; Onkar S. Narula, Henry N. Neufeld, Bryan Parker, 
Firet tabue vanuaty:1978 Thomas A. Preston, David C. Schechter, Graeme 


YEARLY SUBSCRIPTION Sloman, Nicholas P.D. Smyth, Marius Stopczyk, 
Albert L. Waldo, Yoshio Watanabe, Hein Wellens, 
(4 ISSUES) $27.50 Alexander Wirtzfeld, Douglas P. Zipes, Paul M. Zoll 


RECENT PUBLICATIONS 


Bolooki, H. (ed.): Clinical Application of Intra-Aortic Balloon Pump $34.50 
400 pages, illustrations, 1977 


Eliot, R.S. et al (eds.): Cardiac Emergencies $22.50 
369 pages, illustrations, 1977 


Ferrer, M.I.: Pre-excitation including the Wolff-Parkinson-White $27.50 
and other related syndromes 288 pages, 120 illustrations, 1976 


Pordy, L. (ed.): Computer Electrocardiography $30.00 
384 pages, 104 illustrations, 1977 


Reddy, C.V.R. & Gould, L.A.: Correlative Atlas of Vectorcardiograms $29.00 
and Electrocardiograms 288 pages, illustrations, 1977 


Half, J.l. and Bailey, C.P. (eds.): Advanced in the Management of $34.95 
Clinical Heart Disease, Vol. 1 Edited by Charles P. Bailey 
456 pages, illustrations, 1976 


Kidd, B.S. and Rowe, R.D. (eds.): The Child With Congenital Heart . $29.50 
Disease After Surgery 480 pages, illustrations, 1976 


ORDER FORM 
FUTURA PUBLISHING COMPANY, INC. 295 Main Street, P.O. Box 298, Mount Kisco, N.Y. 


[ ] Please find enclosed my/our payment for 1978 sub- Please bill me [ } Check enclosed [ ] 
scription to PACE Please charge to BankAmericard [ ] Mastercharge [ ] 


Please send me book(s) by the following author(s): Nobo a ee DEO EUO 


O Bolooki O Reddy & Gould ' 

D Eliot O Haft & Bailey Name 

O Ferrer O Kidd & Rowe : 

O Pordy Signature 

Futura Publishing will pay all shipping charges when Add 
payment accompanies order. a bii 

City 


New York State Sales Tax must be added where applicable. 








Combipres in hypertension 


Combipres works efficiently, smoothly. 
Brings blood pressure down...keeps it down over the long-term: 


Life therapy ...not life sentence 


91% of patients tolerated it well in clinical trials.’ 

Low incidence of impotence, depression, orthostatic hypotension. 

Its most common side effects are dry mouth, drowsiness, and seda- 
tion. They tend to diminish with continued use, and may be alleviated 
by giving the larger portion of the divided dose at bedtime. 


CLombipres Aoc2 


There's s a future i in it. 
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Each tablet contains: 


Catapres® (clonidine hydrochloride) 0.1 or 0.2 mg, 


and chlorthalidone, 15 mg 


_ in hypertension 


| Warning: This fixed combination drug is not 
_ indicated for initial therapy of hypertension. 
| Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 
resents the dosage so determined, its use 
_ may be more convenient in patient manage- 
= ment. The treatment of hypertension is not 
| Static, but must be reevaluated as conditions 
= | in each patient warrant. 





Ų __ Indication: The drug is indicated in the treatment 
_of hypertension (see box warning). 
 Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
_ vere renal or hepatic diseases. 
a > Warnings: Tolerance may develop in some in- 
= stances necessitating a reevaluation of therapy. 
H Usage in Pregnancy: In view of embryotoxicity 
indings in animals, and since information on pos- 
ible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
mmended in women who are or may become 
regnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres ip children. 
Precautions: When discontinuing Combipres, re- 
T duce the dose gradually over 2 to 4 days to avoid 
Ša possible rapid rise in blood pressure and as- 
sociated subjective symptoms such’as nervous- 
ess, agitation, and headache. Patients should be 
nstructed not to discontinue therapy without con- 
ulting their physician. Rare instances of hyper- 
_ tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
__ therapy. A causal relationship has not been estab- 
_ lished in these cases. It has been demonstrated 
~ that an excessive rise in blood pressure, should it 
ccur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
ities, such as operating machinery or driving, 
a should be advised of the sedative effect of the 
clonidine hydrochloride component. This drug may 
hance the CNS-depressive effects of alcohol, 
arbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 




























Asan integral part of their overall long- -term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be. tested periodically while receiving 
Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 


been reported. Generally these effects tend to di- : 


minish with continued therapy. 

Clonidine hydrochloride; Anorexia. malaise, 
nausea, vomiting, parotid pain. mild transient ab- 
normalities in liver function tests: one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 
with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
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and significant elevation of blood uric acid con- 









prolonged 






centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 

but are rare. : 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres” 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone,15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone,15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 


1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 








A new and more precise 
Holter System 


Now, with Accuscan, physicians can command 
three major diagnostic functions in the one in- 
strument: Holter scanning; stress testing; and 
12-lead resting ECG. 


This complete system is engineered for fast, 
easy operation in your office, clinic or hospital. 


The Accutape 24 cassette recorder is an inte- 
gral part of the Accuscan system. This hand-size 
unit can record diagnostic ECG continuously 
for 24 hours — without patient intervention. It 
also permits patients to clock and mark events 
automatically. 


For accurate scanning of recorded tape, the 
digital clock on the Accuscan panel is set to 
correspond with the start of the patient's re- 
cording. From that point on, Accuscan’s time 
relates precisely with the crystal controlled 
time of the Accutape recording. 

Accuscan can be programmed to stop au- 
tomatically (or manually) at every event marked 


Box 542, Skippack, PA 19474 e Phone 800-523-1946 


In Pennsylvania phone (215) 584-6825 Mlacicraft 


by the patient. At the press of a button it will 
also search for any selected time segment. 


Other noteworthy features include: automatic 
“reverse jog”; digital rate meter; non-fade 
scope with freeze capability; optional arrhyth- 
mia counter — and surprising simplicity of op- 
eration. 

There’s much more to say about the new 
Accuscan, so if you're interested in leasing 
or purchasing or would simply like more infor- 
mation, phone or mail coupon below. 
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Only CPI offers 
four warranty 
options. 


A choice in lithium 
that lets you match 
pacemaker to patient 
condition...with 
confidence. 


If all patient conditions were the same, you'd only 
need one pacemaker. An optimum situation but medi- 
cally unrealistic. The variety of patient needs demands 
a variety of implant options. Size, price and warranty life 
are all considerations when matching pacemaker 
to patient. The most critical of these factors however, is 
warranty life. 

CPI's limited warranties are based on clinical 
data accumulated since 1972 and theoretical calculated 
longevity which has been determined for each unit. 
As such, the warranties are statements of CPI’s product 
confidence and reliability. Confidence and reliability 
that only lithium offers. 

The expanded line and warranties include: 
e MAXILITH-10 Ħ MINILITH-8 * MINILITH-5 * MINILITH-S3. 
Numerical designation indicates warranty life. 
CPI pacemakers are available in asynchronous and 
demand models. All units are offered in unipolar 
and bipolar configurations. 

No other pacemaker company can offer you this 
range of options in models and warranty life... 
all in lithium. For your needs, and for your patients. 

Four warranty options. Only from CPI. 


[pam \ 
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CARDIAC PACEMAKERS, INC. 
4100 NORTH HAMLINE AVENUE 

P.O. BOX 3079 


ST. PAUL. MINNESOTA 55165 
TELEPHONE: (612) 631-3000 
CABLE: CARDIAPACE, ST PAUL/TELEX 29-7049 


CPI-EUROPA, B.V. 
SPOORSINGEL 38 

HEERLEN 5200 

THE NETHERLANDS 

TELEPHONE: 045-718457 

TELEX 56710 CARPA NL 


© 1977 Cardiac Pacemakers, Inc. 








New Horizons in Hyperlipidemia 
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“smooth mi scle cell: proposed 
‘biochemical mechanisms 





The process by which a normal 
arterial smooth muscle cell is transformed 
into a lipid-laden “foam” cell is highly 
complex and, as yet, not completely under- 
stood. But from the findings of an ever- 
increasing number of animal and human 
studies,-?8 investigators have begun to 
piece together a theoretical picture of 
what may occur—a picture that adds im- 
portant new perspectives to an under- 
standing of hyperlipidemia. 

What emerges from this research is 
that induced and/or genetic abnormalities 
in the metabolism of arterial smooth 
muscle cells may be crucial to their 
evolution into a lipid-laden forms%11/19 
Specifically, there appear to be alterations 
in the ability of these cells to bind, internal- 
ize and degrade triglyceride-rich very 
low density lipoproteins (VLDL) and 
cholesterol-rich low density lipoproteins 
(LDL)."/? 

The endothelium, which normally 
acts as a selective barrier??5 to the entry 
of plasma constituents into the arterial 


à wall, also appears to influence the behav- 


> 


ior of arterial smooth muscle cells.?3-26 
As a result of injury to the endothelium 
and/or increased concentrations of cir- 
culating lipoproteins, excessive quantities 
of lipids may breech the endothelial 
barrier, and accumulate in smooth muscle 
cells.:2:5,20%23 Eventually, the cells die 
and rupture, releasing their lipid content 
into the extracellular matrix of the 
arterial wall. 


Human tissue cultures yield 
new insights into an insidious 
progression 

Theories postulating the sequence 
of events that may produce lipid-laden 
cells were originally based on observa- 
tions in a variety of animal species. Now, 
through the application of dramatic new 
biochemical techniques, many of these 
theories are finding support in studies of 
human cells. It is now possible to culture 
human arterial smooth muscle cells from 
explants of tissue obtained during vascu- 
lar surgery, -2708 human fibroblasts taken 
from the skinć 824 and human endothe- 
lial cells derived from umbilical veins?5-17 
Methods for studying the interaction of 
these cells with lipoproteins in culture 
have permitted the assessment of lipo- 
protein binding, uptake, and degrada- 
tion? (See diagrams at right). While this 
in vitro data requires in vivo confirmation, 
it can serve as a useful basis for investiga- 
tion and discovery with regard to the rela- 
tionship between plasma lipids and lipid 
accumulations in arterial walls. 


New Horizons in Hyperlipidemia | Ayerst. 








esis Disturbances in the normal metabolism of 


arterial smooth muscle cells can lead to marked 
changes in the lipid content of the arterial wall. The 
most notable change is an increase in cholesterol 
esters, but there are also increases in the concentra- 
tion of other lipids, including triglycerides.2° Follow- 
ing is a highly simplified outline of a working 
hypothesis to explain lipid overloading, as it relates 
primarily to LDL:24 


L The arterial smooth muscle cell's natural defenses 
against lipid overload**? Given an artery with the endo- 
thelium intact, and a low level of circulating plasma lipo- 
proteins, LDL uptake is predominantly of- the high affinity, 
receptor-dependent type: LDL molecules (A) are bound to 
receptor sites (B) on the endothelial surface, internalized 
via pinocytotic vesicles (C), fused with lysosomes (D) which 
hydrolyze the cholestero! ester (E) component of the lipo- 
protein into its basic constituents, free cholesterol (F) and 
fatty acid (G). The free cholesterol triggers compensatory 
mechanisms which decrease cholesterol synthesis by the 
cell and also reduce the number of its LDL receptors, thereby 
helping to limit further entry of LDL. Under normal conditions, 
this acts to protect the arterial smooth muscle against lipid 
overload. 


2; The cell's response to an increased metabolic load. 
Injury or disruption of the endothelium and/or a substantial 
increase in circulating plasma lipoproteins leads to entry of 
larger amounts of LDL and other lipid substances into the 
cells. At these higher plasma levels, lipids appear to be taken 
up predominantly via a low affinity, nonreceptor-mediated 
process.” Endocytosis is greatly stimulated and the number 
and size of the lysosomes increase in an effort to keep up 
with the increased load.?" 


3. The cell's lipid-regulating mechanism overwhelmed 
If the state of increased metabolic activity needed to handle 
the extra lipid load persists, the “finely-tuned” regulatory 
mechanism may break down. With lipid passage into the cell 
virtually unchecked, massive intracellular accumulations of 
cholesterol and other lipids ensue. As a result, cellular 
function may be compromised, leading to cell death and 
deposition of lipids in the extracellular space. 


lipoproteins: a key factorin = 


cellular overload 

In human tissue cultures, arterial 
smooth muscle cells take up substantial 
quantities of VLDL and LDL and relatively 
small amounts of HDL.’? This contrasts 
with the low uptake of VLDL and high up- 
take of HDL observed in smooth muscle 
cells of certain animal species (e.g., rats)? 
which have no propensity for lipid over- 
loading in arterial cells. 

Cellular concentrations of lipids 
also bear a relation to lipid concentra- 
tions in the serum. For example, both 
human and calf endothelial cells in tissue 
culture evidenced significantly higher 
levels of triglycerides and fatty acids after 
exposure to hypertriglyceridemic serum 
than did controls subjected to medium 
containing normal serum.'? 

These provocative studies have 
exciting implications for further investiga- 
tion. However, it must be remembered 
that there is to date no proof that lower- 
ing serum lipoprotein concentrations in 
humans will prevent or reverse the pro- 
cesses that produce lipid-laden cells. 
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PRESSURE MEASUREMENT 


BELL & HOWELLS PHYSIOLOGICAL TRANSDUCER 


Backed by 40 years of experience in the development of 
precision instrumentation, Bell & Howell’s Model 4-327] offers 
long-term stability, accuracy and safety. Cables can be 
interchanged to operate with an existing monitoring system. 
a Modular construction permits interchangeability of components 
SOAN reducing the costs for replacement parts and spares. S 


BELL & HOWELLS DISPOSADOME™ 


Available in both Linden and Luer Lok configurations, the 
presterilized disposable domes provide faithful reproduction of 
physiological pressure wave forms without the use of fluid 
interface. The elimination of downtime for cleaning and sterili- 
zation of the transducer saves time and the reduced handling 
extends the life of the transducer for even greater savings. 
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Adjunctive to diet 


lowers plasma cholesterol 
through nonsystemic action 
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i Colestid jaasaak l 
E calestipol hydrochloride —-«=«Shreughanonsystemuc action 


#for primary hypercholesterolemia 
s effective long-term adjunct to diet 
- snonsystemic mode of action 
_ wOffers convenient bid. dosage 


Colestid is a high-molecular-weight, anion- 
exchange copolymer. It consists of virtually 

h insoluble macromolecular beads, each containing 

i approximately 105 potential bile-acid-binding sites 
within its mesh structure. The average 5 Gm dose 
contains an estimated 1,250,000 macromolecular 
beads. 


Colestid Acts Only 
Within the Lumen of the GI Tract 
Colestid, a bile sequestrant, is virtually 
nonabsorbed. Most bile acids are normally 
reabsorbed; however, the partial removal of a small 
amount of bile acids from the enterohepatic 
circulation by Colestid increases hepatic 
production of bile acids from cholesterol. This 
results in a decrease in the cholesterol-rich, 
low-density lipoproteins and thus a decrease in 
serum Cholesterol. 
The most common adverse reactions to 
Colestid are confined to the gastrointestinal tract. 
Constipation is the major single complaint, and 
at times is severe and occasionally accompanied 
by fecal impaction. Hemorrhoids may be aggravated. 
Most instances of constipation are mild, transient, 
and controlled with standard treatment. 



















A small pool of bile acids, about 2 to 4 Gm, 
is cycled through the intestine several 
times daily, and only about 0.6 Gm is lost 
in the feces. With Colestid therapy (15 to 
30 Gm/day), the bile salt excretion is 
increasec about 2 to 2¥2 times. This 


eK 


o leads to increased hepatic production 
@@ of bile acids from cholesterol, thereby 
0o decreasing serum cholesterol levels. 





Colestid acts within the gastro- 

@ intestinal tract. Its macromolecular 
beads bind bile acids in the 
intestine and form a complex that 
is excreted in the feces. 





© 1977 The Upjohn Company 


Br 
E 
x 
s 
ya 

£ 
p 


E 
p 
p 


br aa ela oe ah | ah eae Nir 


É Scope of Colestid Clinical Studies 


One hundred and forty-four investigators and over 
2,500 patients treated with Colestid (colestipol 
hydrochloride) participated in clinical trials of 
this new bile-sequestering agent. Thirty clinical 
studies helped to determine the efficacy, safety, 
and tolerance of Colestid in lowering serum 
cholesterol. 


Colestid Therapy Guidelines 

Colestid is indicated as adjunctive therapy to diet 
in the management of patients with elevated serum 
cholesterol due to primary hypercholesterolemia 
(elevated low-density lipoproteins). Approximate contribution of 

The beta-lipoprotein (or low- aaka ermal 
density lipoprotein) transports Subject, fasting state. 
most of the serum cholesterol, oes 
and it is believed that the fall in 
serum cholesterol with Colestid 
therapy is secondary to an 
increased clearance of the 
cholesterol-rich, low-density 
lipoprotein. 

The reduction of serum 
cholesterol levels is usually 
evident within one month. When 
Colestid is discontinued, 
cholesterol levels usually return 
to baseline levels within one ONN 
month. o 

Colestid has been shown to ; 
have no effect on, or to increase, 
triglyceride levels. Failure of 
cholesterol to fall or a significant 
rise in the triglyceride level 
should be considered as 
indication to discontinue 0 
Colestid. 

It has not been established whether the drug- 
induced lowering of serum cholesterol or triglyceride 
) levels has a beneficial effect, no effect, ora 

detrimental effect on the morbidity or mortality due 
to atherosclerosis including coronary heart disease. 
Investigations now in progress may yield an answer 
to this question. 
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Colestid Offers b.i.d. Convenience 


Colestid 10 Gm twice a day is usually effective and 
avoids the obstacle of midday dosage. In general, 
however, Colestid dosage may be adjusted to meet 
the cholesterol-lowering requirements of the 
individual patient. For adults, the recommended 
dosage range is 15 to 30 Gm per day, divided into 
two, three, or four doses. To avoid accidental 
inhalation or esophageal distress, Colestid should 
not be taken in its dry form. 
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Measure of Colestid Efficacy 
Average Cholesterol Reduction at15, 20, and 30 Gm daily 





15 Gm/day 20 Gm/day 


5 studies 


30 Gm/day 
4 studies 











Total—151 Patients Total—73 Patients 


Colestid is recommended in doses of 15 to 30 Gm per day, 
administered in divided doses, two, three, or four times daily. 


Total —103 Patients 
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Easy and Versatile 
Administration 
The small particle size and 
neutral taste of Colestid 
(colestipol hydrochloride) make 
ita readily acceptable adjunct to 
your patient's diet. For example, it 
may be taken conveniently with 
orange juice in the morning and 
with applesauce at night. Colestid 
mixes easily with almost any liquid 
or pulpy fruit (such as milk, water, 
fruit juices, carbonated beverages, 
pineapple, applesauce, cereals, > 
and soups). 

Colestid is available in measured-dose 
packets of 5 Gm (30 to a carton) or in bottles 
of 500 Gm (with calibrated measuring spoon). 


Drug Interactions ` 


Patients should take other drugs at least one hour 
before or four hours after Colestid to minimize 
possible interference with their absorption. 

Discontinuing Colestid could pose a hazard to 
health if a potentially toxic drug that is significantly 
bound to Colestid has been titrated to a maintenance 
level during Colestid therapy. Particular caution 
should be observed in digitalized patients, since 
there are conflicting results for the effect of Colestid 
on the absorption of digoxin and digitoxin. 


For a summary of prescribing information, please see last page 
of this advertisement. p 
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-INDICATIONS AND USAGE Since no drug is innocuous, 
strict attention should be paid to the indications and con- 
traindications, particularly when selecting drugs for chronic 
long-term use. 
=- Colestid (colestipo! hydrochloride) is indicated as ad- 

junctive therapy to diet for the reduction of elevated serum 
k cholesterol in patients with primary hypercholesterolemia 
Be (elevated low-density lipoproteins). It has been shown that 
d oe has no effect on, or may increase, triglyceride 

f levels. 

Be It has not been established whether the drug-induced 
__ lowering of serum cholesterol or triglyceride levels has a 
| beneficial effect, no effect, or a detrimental effect on 
P morbidity or mortality due to atherosclerosis, including 
| coronary heart disease. Investigations now in progress 
| may yield an answer to this question. 

é: CONTRAINDICATIONS Colestid (colestipol hydrochloride) 
| is contraindicated in individuals with hypersensitivity to 
k any of its components. 


WARNINGS TO AVOID ACCIDENTAL INHALATION OR 
ESOPHAGEAL DISTRESS, COLESTID SHOULD NOT BE 
| TAKEN IN ITS DRY FORM. ALWAYS MIX COLESTID WITH 
| WATER OR OTHER FLUIDS BEFORE INGESTING. 
| PRECAUTIONS Before therapy with Colestid, a vigorous 
attempt should be made to control serum cholesterol with 
_ diet and weight reduction; any underlying disorder should 
be treated. 
Colestid may interfere with normal absorption and fat, 
| vitamins A, D, and K. Supplemental vitamins A and D should 
| be considered. 
' Colestid may be associated with hypoprothrombinemia 
| from vitamin K deficiency and can be prevented by admin- 






-istration of vitamin K1. 

Serum cholesterol and triglyceride levels should be 
monitored. Colestid may raise the serum triglycerides in 
long-term use and, in some patients, the cholesterol levels 
return to baseline or rise above baseline. 

Colestid may produce or severely worsen preexisting 
constipation. Dosage should be decreased in these 
$ dale since impaction may occur. Particular effort should 

be made to avoid constipation in patients with symptomatic 
coronary artery disease. Constipation associated with 
' Colestid may aggravate hemorrhoids. 

_ Use in Pregnancy and Childhood The use of Colestid in 
_ pregnancy or lactation or by women of childbearing age 
‘requires that the potential benefits of drug therapy be 
weighed against the possible hazards to the mother and 
| child. The safe use of Colestid resin by pregnant women 
| has not been established. Safety and effectiveness in 
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Children have not been established. 

| DRUG INTERACTIONS Colestid may have a strong affinity 
_ for anions other than the bile acids. Colestid may delay or 
E reduce the absorption of concomitant oral medication. The 
_ interval between the administration of Colestid and any 
other medication should be as long as possible. Patients 
should take other drugs at least one hour before or four 
hours after Colestid. 

In vitro Colestid binds a number of drugs. /n vivo studies 
disclosed significant effects on drug availability for 
L-thyroxin and aspirin, and possibly for warfarin and 
nicotinic acid. Decreased serum tetracycline levels were 
observed in a Clinical study. 
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Lowers plasma cholesterol 
through a nonsystemic action 
adjunctive to diet 


In preliminary studies, drug availability did not appear to 
be significantly altered for phenobarbital, cortisone acetate, 
chlorpromazine, sulfadiazine, clofibrate, and hydrochloro- 
thiazide. Particular caution should be observed with digitalis 
preparations, since there are conflicting results for the effect 
of Colestid on the availability of digoxin and digitoxin. Dis- 
continuing Colestid could pose a hazard to health if a 
potentially toxic drug that is significantly bound to the resin 
has been titrated to a maintenance level while the patient 
was taking Colestid. 

ADVERSE REACTIONS 

1. Gastrointestinal The most common adverse reactions 
are gastrointestinal. Constipation, one patient in 10, is the 
major single complaint and at times is severe and oc- 
casionally accompanied by fecal impaction. Hemorrhoids 
may be aggravated. Some patients require decreased p 
dosage or discontinuation of therapy. About one in*30 to 
one in 100 patients reported abdominal discomfort 
(abdominal pain and distention), belching, flatulence, 
nausea, vomiting, and diarrhea. Peptic ulceration, gastro- 
intestinal irritation and bleeding, cholecystitis, and 
cholelithiasis have been reported by fewer than one in 500 
patients and are not necessarily drug related. 

2. Hypersensitivity Urticaria and dermatitis were noted in 
fewer than one in 1,000 patients. Asthma and wheezing were 
not reported in the Colestid studies but have been noted 
during treatment with other cholesterol-lowering agents. 

3. Musculoskeletal Muscle and joint pains and arthritis 
have had a reported incidence of less than one in 1,000 
patients. 

4. Neurologic Headache and dizziness were noted in about 
cne in 300 patients; anxiety, vertigo, and drowsiness were 
reported in fewer than one in 1,000. 

5. Miscellaneous Anorexia, fatigue, weakness, and short- 
ness of breath have been seen in 1 to 3 patients in 1,000. 
Transient and modest elevations of serum glutamic 
oxaloacetic transaminase and of alkaline phosphatase 
were observed in various patients treated with Colestid. 
Some patients had increased serum phosphorus and 
chloride with decreased sodium and potassium. f 
OVERDOSE Overdosage of Colestid (colestipol hydro- 
chloride) has not been reported. Should overdosage occur, 
however, the chief potential harm would be 
obstruction of the gastrointestinal tract. 
HOW SUPPLIED Colestid (colestipol 
hydrochloride) is available in cartons 
of 30 packets and in bottles 

containing 500 grams of drug. 

Each packet or each level scoop 
supplies 5 grams of Colestid. 
Caution: Federal law prohibits 
dispensing without 4 

prescription. 

For additional information, 
see your Upjohn represent- 
ative or consult package 
circular. 
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AS SIMPLE AS 
BLACK AND WHITE 


... With a new dry process 












Costs $13,500 


The heart of the Irex System Il consists of a completely new medical 
instrumentation recorder which produces instant, dry, permanent, high 
resolution black and white records. 


























Irex System Il features: 
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*Ultra high resolution for superb echoes. 

*Fully diagnostic phono and pulse channels. 

*Selectable recording speeds of 5, 10, 25, 50, 75, 100 and 200 mm/sec. 
*Large screen, long persistence monitor. | 
*Linearity of better than one percent over the full chart width. 


Irex System Il has been engineered for optimum serviceability. Modular 
electronic and mechanical components of the system are readily 
accessible for ease of adjustment or replacement. | 


IREX MEDICAL SYSTEMS 
Executive Offices and Plant 
114 Pleasant Avenue 
Upper Saddle River, NJ 07458 | 


Call (201) 327-5900 for the name of 
your local Irex Sales Representative. 


SERVICE REPRESENTATIVES LOCATED 
THROUGHOUT THE U.S.A. 


| 
| 
| 

| 


*trex System Il Recorder, 
Monitor and Echo | 
echocardiograph with 
built-in diagnostic ECG. 
Prices subject to change 
without notice. 
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` The long-term fate of 434 consecutive patlents operated on between 1968 
_ and 1971 was assessed. All patients were followed up for more than 60 


months’ after operation (mean 70.7 months). Of the Initial :434 patients, 


"$8 dled 0.to'74 (mean 31.1) months postoperatively: Of the 336 survivors, 
- 152 réentered the hospital and-underwent standardized clinical assess- 
` ment. ‘Angina was lessened In 93:4 percent (255 of 273) and absent In 


54.3 percent (140 of 273) of these patients. Of patients under 65 years 
of age, 79.2 percent (152 of 192) were still working. Treadmill exercise 


l tests performed In 107.patients showed an ischemic response In 44.9 | 


percent (48 of 107) and an indeterminate response in 9.3 percent (10 of 
107). -The duration of the exercise, maximal pulse rate and double product 


-all correlated well with the completeness of revascularizatlon. In 176 


patients with 256 grafts evaluated anglographically, the patency rate was 


` 86.3 percent (221 of 256), and 94.3 percent of pationte (166 of 176) had 
g at least one patent graft. ` 


The average crude annual attrition jale after the first year was 2. 3 


‘percent pér year, which approximates that of the general U.S. population 
‘after correction for age and sex. In the next 677 consecutive patients the 
: survival rate after 5 years was 91. .4 percent (inctuding 4.7 percent oper- 


ative mortallty rate) compared with the survival rate of a similar normal 
population of 92.7 percent. The operative mortality rate of 7.1 percent In 


`. this early experience has béen reduced to‘less thari 2 percent in current 


experlerice: These results suggest that the „coronary bypass procedure 
provides s sustained 1 sympiomaile rora: and may prolong iHe. 


Ka 


Since the saphenous vein coronary hiss ‘procedure began to be widely 


-applied in 1968, it has gained: wide acceptance as a highly effective form 


of treatment for symptomatic atherosclerotic coronary artery disease. 


However, from the outset doubts have been raised as to whether the 


favorable early results would be sustained-or whether deterioration would 
inevitably ensue:. f 
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LATE RESULTS OF CORONARY BYPASS—LAWRIE ET AL. 


-There have been no previous reports of a large group 
-of patients treated with the saphenous vein bypass 
technique alone followed up for more than 5 years. 
Previous follow-up reports concerning large groups of 
. patients have reviewed relatively few patients after 4 
years.1- The aim of this study therefore was to assess 
the truly late results of this procedure by reviewing in 
detail, with the most objective means available, the 
: status of a large group of patients followed up for more 
than 5 years after operation. 

The patiehts whose data are reviewed here represent 
an initial experience with this operation. This is re- 
flected in the operative mortality rate of 7.1 percent, 
which is unacceptably high by current standards, and 
‘bya degree of revascularization that is less than that 

achieved in current practice. Nevertheless, these pa- 
. tients represent añ unusually homogeneous group in 
that no Vineberg implants, interposition or patch vein 
. grafts or isolated endarterectomies were used. In addi- 
` tion, unlike the practice in other centers, vein grafts 
were performed to the left ariterior descending coronary 
artery from the inception of this experience. This report 
therefore presents a critical analysis of the status of 434 
patients who underwent saphenous vein bypass pro- 
cedures alone between 1968 and 1971 and who were 
followed up 5 to 8 years after opetation. 


Material and Methods 


Patients: Between 1968 and 1971, saphenous vein aorto-" 


coronary bypass procedures were performed i in 444 consecu- 


tive patients. There were 406 men (91.4 percent) and 39 |. 


` women (8.6 percent). The mean age at operation was 49.2 
(range 32 to 73) years. Angina pectoris associated with coro- 
_ nary lesiong producing more than 70 percent luminal ob- 
‘struction was the indication for operation in 426 patients (96 
` percent). The remaining 4 percent were operated on for con- 
gestive heart failure without anginal symptoms. Congestive 
heart failure and angina both were present in 89 patients (20 
percent) preoperatively. In 58 patients (13 percent), unstable 
angina pectoris was the main symptom. A history of previous 
myocardial infarction was obtained in 260 patients (58 per- 
cent). Single vessel disease was present in 126 patients (28.4 
percent), double vessel disease in 208 (46.8 percent) and triple 
vessel disease in 110 (24.8 percent). Left main coronary ste- 
nosis greater than 50 percent was present in 29 patients (6.5 
percent). , 
` The surgical ‘techniqueé used has been described pre- 
-viously.® Aortocoronary saphenous vein bypass grafts.were 
employed throughout. Endarterectomy in combination with 


TABLE | 


Work Status of 192 Patients ieee Than 65 Years Old at 
Time of Follow-Up Study 








% 
Same 109 56.8 
> More 14 7.3 
Less 29 18.1 
None 40 20.8 
Angina 10 5.2 
, 4 2.1 
Reoperation 11 5.7 
Indeterminate - 1 7.8 


. CHF = congestive heart failure. 
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a vein graft was employed in four patients. A single bypass was 

performed in 253 patients (57 percent), double bypasses in 187 . 

(42 percent) and triple bypasses in only 4 (1 percent). . 
Of the initial 444 patients, 10 were operated on primarily 


`. for valve disease; there were six aortic and four mitral valve. 
‘replacements. These patients were excluded from further 


follow-up: Among the remaining 434 patients, follow-up was 
97.9 percent complete (425 of 434). 

Follow-up studies: Of the 434 patients, 98 died 0 to 74 
months (mean 31.1) postoperatively. The 336 survivors were 
all contacted more than 60 months postoperatively (mean 70.7 
months), the longest interval being 95 months. All 336 patients 
were invited to.return to the hospital for complete follow-up 
assessment, and 152 agreed to return to the hospital. These 
patients underwent clinical assessment with use of standard 
form questionnaires. A treadmill exercise stress test was 
performed in 107 patients. Serum cholesterol and triglyceride 
values were determined in 142 patients. ` 

All patients readmitted to the hospital were requested to 
undergo repeat cineangiography and 131 patients with 193 
grafts underwent angiographic reevaluation, 109 with selective 
cineangiography and 22 with flush injection of the aortic root. 
Only patients who refused restudy were not investigated an- 
giographically. These patients were all asymptomatic. Graft 
patency had been determined at some time previously (but 
more than 12 months postoperatively) in a further 45 patients 
with 63 grafts. Thus, postoperative angiographic information 
was available in 176 patients with 256 grafts. - 

Pre- and perioperative electrocardiograms could be com- 
pared in 231 patients. Because of the recognized unreliability 
of other electrocardiographic signs in the postoperative period, 
perioperative myocardial infarction was diagnosed only if.riew 
pathologic Q waves appeared postoperatively. Other more 


sensitive indicators of myocardial damage such as creatine 


kinase MB isoenzyme analysis and myocardial imaging were ` 
not available at that time. In 133 patients late electrocardio- 
grams were also available for comparison. 

‘A further 121 patients were interviewed directly either by 
telephone or in the office. Indirect information, usually from 


the ERSE physician, was obtained for 54 patients. 


i „Results 
Symptoms: Of the 273 pátients interviewed in per- 


son, 255 (93.4 percent) stated.that their condition was > ` 


improved. Of these, 140 (51.3 percent) said they were 
asymptomatic. Only 9 (2.8 percent) reported that their 
condition was.unchanged and an additional 9 (2. 8 per- 
cent) that it was worse. 

Fourteen patients had undergone reoperation for 


- recurrent symptoms 11 to 72 (mean 21) months post- 


operatively. Operation was required in 10 (75 percent) 
because of previously ungrafted old lesions or because 
of a new significant lesion and only i in 4 (25 percent) 


- because of graft occlusion. 


Work status: To obtain a more objective measure of 
functional capacity, we examined the work status of the 








TABLE 1l. l 
Serum Lipid Levels (mg/100 ml) 
Mean Range ` 
Cholesterol! (142 patients) 220 69-367 
37 (26 percent) were >250 
trigiyoarldes {138 patients) ` 175 50-690 
. 64 (47 percent) were ; > 150 © i 
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TABLE Iii 
Comparison of Anglographic and Treadmill Test Results In 51 Patients 
mht Double Product 
Residual Patients With Patients With Exercise Duration Heart Rate i (heart rate Xa 
Lesions Chest Pain ischemic Response (sec) (beats/min) systollc pressu 
(no.) no. no. % “Mean ange Mean an -Mean ae 
0 2/22 9.1 9/22 41 356 80-705 154 115-188 23413 (15,400-32,358) 
1 4/20 20 7/20 35 241 50-605 142 (80-179) 23401 (9,780-37,500) . 
65-600 127 (93-150) 204863 (13, 180-27,600) 





2 3/9 33 5/9 56 239 


192 of 273 patients less than 65 years old at the time of 
the review (Table I). A total of 152 (79.2 percent) of 
these patients were still employed more than 5 years 
after operation. | 

Serum lipids: These results are summarized in Table 
I. 

Electrocardiogram: Preoperative changes of myo- 
cardial infarction were present in 39 percent of patients. 
The perioperative infarction rate as measured by new 
pathologic Q waves was 5.6 percent (13 of 231). Evidence 
of late postoperative myocardial infarction (new Q 
waves) was found in only 3.0 percent (4 of 153) of pa- 
tients. 

Exercise stress testing: An ischemic electrocar- 


diographic response was obtained in 48 (44.9 percent) . 


of the 107 patients. The test was negative in 49 (45.8 
percent). There was an inadequate héart rate response 
in 10 (9.3 percent). 

Only 15 patients (14 percent) experienced chest pain 
and of these, 10 (9.3 percent) had a positive ischemic 
response. Only 5 (4.7 percent) patients with a negative 
test experienced chest pain. 

In 51 patients the treadmill exercise stress test results 
were compared with the degree of revascularization 
achieved. The number of residual lesions in each patient 
was determined, a residual lesion being defined as a 
stenotic lesion greater than 70 percent in an artery that 
did not have a patent graft attached distal to that lesion. 
This number therefore included both diseased un- 
grafted vessels and grafted vessels with occluded grafts. 
The treadmill results were then grouped according to 
the number of residual lesions present (Table HI). 

Angiograms: Changes in ventricular function were 
assessed by comparing preoperative left ventricular 
end-diastolic pressure measurements with those ob- 

‘tained at repeat catheterization at a mean follow-up 
interval of 69.8 (range 60 to 88) months. In 70 patients 
the mean preoperative end-diastolic pressure was 11.6 
mm Hg (range 0 to 35) while the mean postoperative 
pressure was 12.1 (range 5 to 35) mm Hg. 

All available preoperative (26 patients) and postop- 
erative (66 patients) ventriculograms were classified as 
normal or, if abnormal, as showing diffuse abnormality, 
as a segmental abnormality, or both (Table IV). In 22 


patients matched pairs of pre- and postoperative ven- 


triculograms were available. Left ventriculograms 
showed an unchanged status in 19 (86.3 percent), an 
_ improved status in 1 (4.5 percent) and worse status in 
2 (9.2 percent). Of the two patients whose ventriculo- 
gram revealed deterioration, one with a normal preop- 


erative ventriculogram had occlusion of both grafts and 
a diffusely abnormal ventricle. The end-diastolic 
pressure had risen from 10 to 28 mm Hg. The other 
patient had a patent graft but had paradoxical motion 
in a previously hypokinetic ventricular segment. How- 
ever, the end-diastolic pressure had decreased from 35 
to 20 mm Hg. 

Graft patency: The patency rate in 131 patients with 
193 grafts studied 60 to 88 (mean 69.7) months post- 
operatively was 90.7 percent. In the overall group of 176 
patients with 256 grafts studied 12 to 88 (mean 26.2) 
months postoperatively, the patency rate was 86.3 
percent. Overall, 137 patients (78.1 percent) had all 
grafts patent, and 166 (94.3 percent) had one or more 
patent grafts. In the group of 131 patients studied after 
5 years, 126.(96.2 percent) had at least one patent graft. 
Vein graft morphology was excellent. The completeness 
of revascularization could be assessed in detail in 116 


_ patients (Table V). In 37 (31.9 percent), no residual le- 


sion was present; in 56 (48.3 percent) one significant 
lesion was not bypassed and in 21 (18.1 percent) two 


significant lesions remained untreated. Only two pa- 


- TABLE. IV 


Comparison of Pre- and Late Postoperative Left l 
Ventriculograms and End-Dlastollc Pressure Measurements 





Preoperative Postoperative 

no. no. % 

Ventriculogram 

Total 26 100 66 100 
Normal 9 34.6 25 37.9 
Abnormal 17 65.4 41 62.1 
Diffuse 3 11.5 11 16.7 
Segmental 8 30.7 26 39.4 
Combined 6 23.1 4 6.0 

End-dlastollc pressure 11.6 (0-35) 12.1 (5-35) 


(mm Hg) (mean and 
range In 70 patients) 


TABLE V 
Number of Lesions on Coronary Anglography 
Postoperative Data 


(patients) 
no. 


Preoperative Data 


(patients) 
no. 





Lesions 
0 TA mius 37 31.9 
1 128 28.4 `- 58 48.3 
2 208 46.8 21, 18.1 
3 110 24.8 2 1.7 
Total 444 100 116 : 100 
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47.4% (81/171) 


35.1% (60/171) 





WM Original Obstruction New Obstruction 


©1977 Baylor College of Medicine 


FIGURE 1, Classification of the changes In 171 grafted coronary arterles 
at a mean follow-up time of 69.5 months. The percent of arterles in each 
category is illustrated. 


tients (1.7 percent) had three significant lesions without 
functioning bypasses. 

Progression of disease: In 75 patients, the pre- and 
postoperative cineangiograms were available and of 
sufficiently good quality for detailed comparison of 
changes in the native coronary circulation. The mean 
interval between studies was 69.7 months (range 60 to 
83). The cineangiograms were reviewed by two cardi- 
ologists. To minimize the effects of observer variability 
only progression of a lesion by more than 25 percent or 


TABLE VI 
Postoperative Survival Data’ 
Time (mo) 0-4 0-12 13-24 
Patients (no.) 434 434 434 
Deaths/Interval ng) 31 - 51 9 
Deaths per year (% hs 11.9 i 2.1 
Curnulative deaths 
no. 31 52 61 
% 7.1 41.9 13.9 


. progression to total occlusion was considered significant 


in this study. 

Completely new lesions of more than 70 percent ste- 
nosis at previously angiographically normal sites were 
found in 24 (10.7 percent) of all 225 vessels, 20 (10.0 
percent) of 105 ungrafted vessels and 4 (3.3 percent) of 
120 grafted vessels. In the 105 ungrafted vessels, old 
lesions had progressed by more than 25 percent or had 
become totally occluded in 19 cases (18.0 percent); 
however, in 9 of these 19 (47.4 percent) the stenosis was 
greater than 70 percent initially and in only 5 (26.3 
percent) had the lesion progressed from less than 70 to 
greater than 70 percent stenosis. Thus, the development 
of a completely new lesion with greater than 70 percent 
stenosis occurred twice as often as progression of a mild 
lesion (less than 70 percent stenosis) to a significant 
lesion (more than 70 percent stenosis) (24 of 225 versus 
5 of 105). 

In 114 patients with 171 grafts, the influence of the 
graft on the native circulation was examined. A pre- 
viously described classification was employed® (Fig. 1). 
In 81 (47.4 percent) of the 171 arteries, the graft was 
patent and no change had occurred in the recipient ar- 
tery (Fig. 1 [1]). In 60 arteries (35.1 percent) the proxi- 
mal lesion had undergone localized closure but the graft 
and artery were otherwise patent (Fig. 1 [2]). However, 
62 (87.3 percent) of these lesions were greater than 90 
percent initially. Occlusion of the segment between a 
patent graft and the stenotic lesion was observed in only 
seven grafts (4 percent) (Fig. 1 [3]). Occlusion of 16 
grafts (9.3 percent) was associated with no change in the 
native circulation (Fig. 1 [4]), but in 4 (2.3 percent) it 
was associated with occlusion of the underlying artery 
(Fig. 1 [5]). Development of new distal lesions was quite 
ei occurring in only. three vessels (1.8 percent) (Fig. 
1 [6]). 

Postoperative survival (Table VI): The 30 day 
hospital mortality rate (31 cases) in this initial early 
experience was 7.1 percent. The most frequent cause of 
death was perioperative myocardial infarction, which 
was responsible in 17 cases (54 percent). Postoperative 
arrhythmias in seven (23 percent), aortic dissection in 
three (9.6 percent) and stroke in two (6.4 percent) were 
the other common causes. An additional 20 patients 
died in the first 12 months after operation. Thereafter, 
a relatively small number of patients died each year. 
Late survival was not influenced by the occurrence of 
perioperative myocardial infarction. Although mainly 
cardiac in origin, deaths from all causes were included. 





25-36 37-48 49-80 61-72 
-434 434 434 300 
9 10 11 7 
2.1 2.3 2.5 2.3 
70 80 91 98 
16.0 18.3 20.8 23.1 


* Average including 7.1 percent operative mortality = 4.2 percent per year. 
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FIGURE 2. Angiogram obtained 65 
months postoperatively from a 50 
year old man who received a single 
bypass to the left anterior de- 
scending coronary artery for total 
occlusions of all three coronary 
arteries. There ts striking filling of 
. the right and circumflex coronary 
arterles through well developed 
apical collaterals from the graft in- 
jection (arrow). 


The average annual attrition rate was 2.3 percent after 
the first year; with inclusion of the operative mortality 
rate of 7.1 percent, it was 4.2 percent. It should be noted 
that all 434 patients were followed up for more than 5 
years and 300 for more than 6 years, 


Discussion 


Symptomatic relief and work status: Although the 
effectiveness of the coronary bypass operation in re- 
lieving angina pectoris was recognized early in the 
evaluation of this procedure, doubts have been raised 
as to the permanence of this relief.’8 In an earlier re- 
port? based largely on the patients described in this 
study, a 92 percent overall rate of improvement was 
found and 56 percent of patients were asymptomatic at 
a mean follow-up interval of 12 months. That we have 
obtained similar figures 5 to 8 years after operation in- 
dicates that symptomatic relief is well maintained with 
time. 

Our results were anticipated in view of the previously 
demonstrated stability of graft patency rates and the 
relative lack of progression of disease in the native 
coronary circulation. These earlier findings were fur- 
ther confirmed in this long-term study. Furthermore, 
in some patients who received a fewer than optimal 
number of grafts, significant collateralization had oc- 
curred from grafted to ungrafted arteries (Fig. 2). 

The rate of functional rehabilitation as measured by 
the number of patients still employed 5 to 8 years after 
operation also has remained gratifyingly high at almost 
80 percent. This compares favorably with rates pre- 
viously reported for earlier postoperative inter- 
valg.8:10 

Treadmill stress testing: Previous reports!!-13 have 
established that the double (rate-pressure) product, 
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duration of exercise, maximal heart rate response and 
incidence of ischemic electrocardiographic changes all 
improve significantly after successful coronary bypass 
surgery. Unfortunately, in this early experience, 
treadmill testing was not performed preoperatively and 
pre- and postoperative data could not be compared. 
However, the absolute values of these variables more 
than 5 years after operation are similar to those reported 
for patients at earlier postoperative intervals.!8 Patients 
with two residual lesions had significant functional 
impairment compared with patients who were “‘com- 
pletely” revascularized (Table III). Of course, even in 
those patients, some less severe residual disease was still 
present. The low incidence rate of chest pain (14 per- 
cent) during testing provided more objective confir- 
mation of the good symptomatic relief reported by pa- 
tients. 

Angiographic findings: Favorable long-term results 
of the coronary bypass procedure depend primarily on 
the sustained good function of the bypass grafts and the 
stability of the occlusive process in both grafted and 
ungrafted vessels. In earlier sfudies!41® concern was 
expressed about the ultimate fate of saphenous vein 
bypass grafts because of the reported occurrence in se- 
lected patients of graft obstruction from relentless in- 
timal proliferation or atherosclerosis. As the late graft 
patency rates indicate, the patent vein grafts in almost 
all cases have maintained good function after 5 years. 
This has been confirmed also by histologic studies in a 
small number of these patients.!? The higher patency 
rate in patients studied after 5 years compared with that 
of patients studied earlier is attributed to the poorer 
survival rate of patients with occluded grafts and to the 
greater prevalence of asymptomatic patients in the late 


group. 
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Previous concern?-!618-20 that the grafted native 
coronary circulation in these patients would undergo 


more rapid deterioration has not been confirmed by this - 


study. The only commonly observed change in grafted 
arteries was proximal occlusion of a high grade (greater 
than 90 percent) lesion (Fig. 1 [2]). This localized oc- 
clusion was seen with greater frequency in the group of 
patients studied after 5 years than in an earlier group 
previously reported on (35 versus 21 percent) and 
represented the major portion of time-related deterio- 
ration of vessels. It was noteworthy that, despite this 
change, the arterial segments between the lesion and the 
graft attachment have remained open over a long period 
of time, thus preserving bidirectional flow from the 
graft. The incidence rate of occlusion of this patent 
segment was little different at 70 months (4 percent) 
from the rate at a mean follow-up period of 15.4 months 
(5.0 percent).° Significant progression of distal disease 
was similarly rare. 


Of particular surgical interest was the finding that it 


was more than twice as likely for a completely new lesion 
to appear in a vessel as for a mild lesion to progress to 
a clinically significant lesion (that is, 10.7 percent [24 
of 225] compared with 4 percent [5 of 105]). This 
suggests that in the majority of cases “prophylactic” 
grafts for mild lesions will not be beneficial because 
these lesions rarely progress. Indeed the most severe 
lesions showed the greatest tendency to progress in both 
grafted and ungrafted arteries. This tendency has been 
reported by others.16 
_. The overall incidence of dhangeni in the native circu- 
lation of grafted arteries reported in this study is smaller 
than in previous reports. However, if changes in the 
native circulation of grafted arteries in the immediate 
region of the anastomotic site reported by others18.19-21 
are excluded, the overall rate of progression in this series 
is similar to the rate of occurrence of changes at sites 
other than the anastamosis in the other series. This 
observation, combined with the lower graft patency 
rates in these series (66 to 74 percent) and the high in- 
' cidence rate of native arterial occlusion with graft oc- 
clusion (up to 62 percent compared with 20 percent in 
this series), suggests to us that many of the previously 
reported changes in grafted arteries have been iatro- 
genic in origin and could have been avoided by im- 
proved surgical technique. This conclusion has also been 
drawn in a follow-up pathologic study”? by authors of 
an earlier study” in which a large incidence of occlusive 
changes had been reported. The use of ischemic arrest 
has obviated the need for the direct manipulation of the 
coronary artery by snares or clamps used by others.”0 
Careful selection of the least diseased arterial segment 
for graft attachment and meticulous suturing technique 
also are considered important. The ease with which an 
arterial dissection can be produced in these small dis- 
eased arteries has been emphasized in pathologic 
studies,.22.23 

We attribute the stability of left ventricular function 
to the low perioperative and late infarction rates (as 
measured by Q waves), a sustained high rate of graft 


patency and the relative infrequency of severe pro- 
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gression in the coronary circulation. Although mea- 
surements of end-diastolic pressure and visual assess- 
ment of left ventriculograms are not ideal methods for 


‘accurate determination of left ventricular function, the 


similarity of the pre- and postoperative findings is quite 
striking. These techniques were too crude to determine 
whether actual improvement-occurred in ventricular 
function but significant deterioration has been ex- 
cluded. These findings are consistent with the good 


symptomatic and functional relief found in these pa-. 
- tients. 


Late survival: Because of the high perioperative 
mortality rate of 7.1 percent and the inadequate number 
of grafts performed i in most patients in this initial ex- 


perience, it is not possible to draw definitive conclusions - 


from our data about the relative effectiveness of medical 
treatment and coronary bypass surgery in improving 
late survival. However, even with surgical results that 


. are far inferior to those achieved in current practice, we 


believe that the crude survival rate at 3 years of 84 


va 


percent and at 5 years of 79.2 percent is no worse than . 


that of any medically treated group of similar compo- 
sition.!-16,24-26 Tn our unselected consecutive series of 
patients, 23 percent had complicated disease generally 
accepted as carrying a poorer prognosis than chronic 
stable angina with either medical or surgical treatment, 
including unstable angina in 13 percent of patients, left 


main coronary artery disease in 6.5 percent and con-- 


gestive heart failure without angina in 4 percent. Thus 
it is gratifying that the survival rate at 3 years of 84 
percent should be comparable with the 86 percent sur- 


. vival rate reported for medical treatment in a recent 


series in which all these conditions were excluded.” 
At is interesting to observe the effect of increasing 


surgical experience on late survival. In the next 677 ' 
consecutive patients who were clinically similar to the 


earlier group and all of whom have now been followed 
up through 5 years, the crude survival rate was 91.5 
percent.?’ The survival rate of a normal population of 
identical age and sex distribution during this period was 


- 92.7 percent.28 The operative mortality rate was’ 4.7 


percent, which is still high compared with the current 


operative mortality rate of less than 2 percent. The’ 


number of grafts per patient was significantly greater, 


‘with 73 percent receiving double grafts and only 21 


percent receiving single grafts. Increasing surgical ex- 
perience and more complete revascularization have been 
shown to be important i in impfoving surgical results i in 
other large series also.13 

For these reasons, we regard with considerable res- 
ervation the conclusion of the two randomized pro- 
spective Veterans Administration studies?*5 that the 


_ late survival rate after the coronary bypass operation 


is no better than that with medical therapy for patients 
with chronic stable angina. In both of these studies, the 


surgical results are unacceptably poor by current 


standards in relation to operative mortality (5.6 percent, 
6.0 percent) and especially the graft patency rates of 


only 60 percent and 73 to 79 percent.24.25 These results . 


reflect the low volume of operations performed in each - 


center. Indeed, in the Veterans Administration Coop- 
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erative Study begun in 1970, the initial surgical results 
weré not included and the study was recommenced in 
1972 after further experience with the procedure. 2 The 
low graft patency rates in particular impair the pros- 
pects for demonstrating improved surgical over medical 
survival. First, 13 to 19 percent of patients have no 
patent grafts at all and have therefore been exposed to 
significant operative risk without therapeutic gain. 
Second, in the- Veterans Administration Cooperative 
Study only 59 percent of patients had all grafts patent. 
Thus, many patients must have remained inadequately 
revascularized postoperatively. Even with an inade- 
quate number of grafts per patient, the high graft pa- 
tency rate in our series produced a significant shift in 
patient status from mainly double and triple vessel 
disease to mainly no residual disease or single vessel 
disease (Table V). Survival in other nonsurgical series 
has been shown to be related to the number of diseased 
vessels, 26:29,30 

The published results of the Veterans Administration 
studies have also been at relatively short postoperative 
intervals, 21 to 36 months in one” and 8 to 34 months 
in the other.4 In previous nonrandomized studies in- 
volving more than 3,000 surgical patients,!-° improve- 
ment in surgical survival became more marked with 
time as the effect of operative mortality was diluted. 

. It is of interest that the Houston Veterans Adminis- 
tration study at the end of 4 years shows a survival rate 
of 88 percent in the surgical patients arid 79 percent in 
the medical patients. Unfortunately, only 68 patients 
have been followed up through this time interval and 


this group is too small for this difference to reach sta- 


- tistical significance (P <0.1).3! 

It is encouraging that in this study, the incidence of 
symptomatic relief, exercise tolerance times, the inci- 
dence of unstable angina and other untoward cardiac 
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events were all significantly more favorably influenced 


‘by operation than by medical treatment.”4 


We believe, therefore, that despite their prospective 
randomized protocols, ‘the Veterans Administration 
studies cannot be considered conclusive in regard to the 
question of survival. However, the surprisingly good 
survival at more than 5 years of our subsequent 677 
consecutive patients, which approaches that of a pop- 
ulation not known to have heart disease and which ex- 
ceeds that of any reported on group of patients with 
angiographically proved significant coronary disease, 
provides a reason for optimism in regard to good late 
survival rates in surgically treated patients. 


- Conclusion 


The enduringly favorable results of our study indicate 
to us the fundamental soundness of the saphenous vein 
coronary bypass procedure. Increasing experience with 
it over an 8 yéar period has led to a marked reduction 
in hospital mortality rate to less than 2 percent overall 
and to significantly better revascularization than in the 
earliér experience. 

The relatively low annual attrition rate of those pa- 
tients surviving the first year after operation even in the 
early experience and the survival rate in the subsequent 
677 ‘patients, beyond 5 years indicate that surgically 
treated patients have very favorable late survival rates. 
For these reasons, we feel confident that the majority 
of patients undergoing the coronary bypass procedure 
can anticipate sustained relief over a long period of 
time. - 
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To assess the status of patients with all grafts occluded after aortocoronary 
bypass surgery, the clinical, angiographic and exerctse testing data of 
all patients within the Seattle Heart Watch who had no patent grafts at 


. follow-up angiography were analyzed. From this subset 23 patients with 


complete pre- and postoperative evaluations were found. Postoperatively, 
12 of 23 patients (52 percent) related improvement of at least one func- 
tlonal class, and 5 were asymptomatic. Comparison of pre- and postop- 
erative exercise performance revealed a mean i increase In exercise du- 
ration, maximal pressure-rate product and maximal heart rate, but only 
the latter Increase was statistically significant. Analysis of the individual 
data revealed significant postoperative Improvement In exercise capacity 
in 13 patients (57 percent); and in maximal pressure-rate product in'9 
patients (39 percent); 5 of 13 patients with an Ischemic S-T response 
preoperatively no longer had this response postoperatively. 

Neither preoperative ejection fraction, number of vessels diseased, 
number of grafts attempted, interval to follow-up study, deterioration In 
the natlve coronary circulation, appearance of collateral circulation, 
control of risk factors nor medical therapy appeared to Separate the pa- 
tlents who did and did not show improvement. However, 11 patients (48 


- percent) demonstrated angiographic or clinical evidence, or both, of In- 
‘terim myocardial Infarction. This group manifested a mean Increase In 


exercise duration, maximal pressure-rate product and maximal heart rate 
postoperatively. It appears that improvement after unsuccessful myo- 
cardial revascularization is not uncommon and that In some, but not all 
cases, the Improvement Is related to myocardial Infarction. Increased 
myocardial blood flow is not the only mechanism of subjective and ob- 
jective clinical improvement after aortocoronary bypass surgery. 


Cause-effect niaii in the symptomatic imprqvement of patients with 
coronary artery disease are difficult to demonstrate. Several groups of 
investigators have attempted to evaluate patient improvement after 
coronary bypass grafting by examining changes in exercise perfor- 
mance.!-* These studies in which most patients had postoperative an- 
giography! demonstrated a positive correlation between graft patency 
and objective improvement in exercise performance. However, none of 
these studies included enough patients with all grafts occluded to assess 
changes associated with cardiopulmonary bypass and unsuccessful re- 
vascularization. 

This report presents pre- and postoperative exercise test results from 
23 patients who had occlusion of all implanted grafts after revascular- 
ization surgery. The results were examined in an attempt to identify any 
patient benefits from surgery unrelated to eye aaon and to define 
their possible mechanisms. ` 
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Methods 


- Patient characteristics: Patents were selected from the 
surgical subset of patients in the Seattle Heart Watch. In the 
Heart Watch data file are 1,394 patients who underwent direct 
myocardial revascularization at the University of Washington 
Hospital, Seattle Veterans Administration Hospital, Provi- 
dence Medical Center and the Virginia Mason Hospital from 
January 1, 1968 to January 1, 1975. There were 75 operative 
deaths (5.3 percent). Follow-up angiography was performed 
in 494 patients (37.5 percent); symptoms were frequently, but 
not always, the indication for study: After exclusion of patients 
who had valve replacement or ventricular aneurysmectomy 
in addition to revascularization, 50 patients were found to 
have occlusion of all grafts on postoperative angiography. Of 
these 50 patients,-only those whose indication for surgery was 
chronic “stable” angina pectoris and who had both pre- and 


postoperative multistage maximal exercise tolerance testing. 


were included in this study. Postoperative testing was per- 
formed within 1 month of postoperative angiography, gener- 
ally during the same hospital stay. The study group then 
consisted of 21 men and 2 women, aged 33 to 66 (mean 51) 
years. 

Clinical evaluation: At the time of pre- aid postoperative 
exercise testing, clinical assessment for myocardial infarction, 
congestive heart failure and functional class New York Heart 
Association criteria? was made: Clinical diagnosis of preop- 
erative myocardial infarction was made if the clinical history 
was compatible and diagnostic Q waves were present in the 
resting electrocardiogram. Perioperative infarction was 
diagnosed if new Q waves appeared postoperatively. Later 
postoperative myocardial infarction was determined with use 
of standard clinical, electrocardiographic and serum enzyme 
criteria. 

Exercise testing: After a standard resting electrocardio- 
gram and measurements of resting pulse and blood pressure 


were obtained, a multistage treadmill test of maximal exercise 
capacity according to the Bruce protocol was performed.1© 
Patients exercised until limited by angina, dyspnea or other 
symptoms. Maximal blood pressure, heart rate and pres- 
sure-rate product/100 were recorded. Functional aerobic 
impairment or the percent deviation from average normal 
age-adjusted maximal oxygen consumption was nomogra- 

phically derived from the exercise duration: of each pa- 
tient.14 

Diagnostic S-T changes were considered to be. 0. 1 mv hor- 
izontal or downsloping S-T depression at 0.06 second after the 
R wave, as recorded in the immediate postexercise period in 
a CB; lead; S-T segment changes of patients taking digitalis 
were excluded from analysis. 

Angiography: Studies were performed at rest and in the 
supine position with either the brachial or femoral arterial 
technique. Preoperatively, all patients underwent selective 
coronary injections and left ventriculography. Postoperatively, 
all underwent left ventriculography and all but one (Case 10, 
Table I) had selective coronary arteriography of the native 
circulation. Attempts were made to visualize the grafts in all | 
cases; if the vestige of the graft could not be seen, supravalve 
power injections in the aorta were made. 
` Left ventricular volumes were calculated with use of the 
area-length method of Dodge et al. 12 Paired examinations for 
quantitative analysis were available in 19 of the 23 patients. 
Significant coronary arterial stenosis was considered to be a 
70 percent reduction in luminal diameter, and the number of 
major vessels with 70 percent proximal stenosis was deter- 
mined for each patient. 

Follow-up arteriography was performed 9.3 + 4, 4 (mean + 
standard deviation) months (range 2 to 17 months) postop- 
eratively. 

Surgery: Aorta to coronary arterial grafting beyond a major . 
stenosis using cardiopulmonary bypass was performed with 
either reversed-autologous saphenous vein or internal mam- 
































TABLE | r 
Patient Proflie and Arterlographic Characteristics in 23 Cases 
Case Vessels With Ejection Fractlon CAD, Postoperative 
no 70 Percent Stenosis oS Progression Infarction 
Group |: Improved Exercise Performance ` f 

1 HRCAY 0.44 0.59 = + 
2 3(LAD, RGA, LCx) 0.60 0.62 + + 
3 1(RCA) 0.63 0.49 + = 
4 1(LAD) 0.69 0.48 + + 
5 1(LCx) 0.63 0.39 = + 
6 HLAD) 0.51 . 0.60 T + 

7 2(RCA, LCx) 0.78 0.81 às _ 
8 2(LAD, LCx) 0.77 0.70 + + 
9 (LAD, RGA, LCx) = = = = 

10 (RCA, LCx) 0.20 0.51 u T 

11 1LAD) 0.67 0.50 + + 

12 2(LAD, OMB) 0.48 0.45 = = 

13 1(RCA) = = = E 

Group Il: Unimproved Exerclse Performance 

14 2(RCA, LCx) 0.69 0.59 = = 

15 2(LAD, OMB) 0.57 0.56 + = 

16 2(LMCA) 0.49 0.42 = + 

17 i 1(LAD) 0.61 0.65 = — 

18 - 1LAD) = = + = 

19 ' 2(LCx, RCA) = 0.64 = A 

20 1(LAD) 0.74 0.72 + = 

21 1(RCAY 0.63 0.56 = + 

22 1(LAD 0.73 0.63 +. a+ 

nclassitied 
23 ‘2(LCx, RCA) 54 0.63 + + 





CAD = coronary artery disease; LAD = 
= obtuse marginal branch; Post = 


postoperative; Pre 








left anterior descending artery; LCx = left circumflex artery; LMCA = 
= preoperative; RCA = right coronary artery; + = present; — = absent; u = unknown. 
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mary artery in all patients. Thirteen patients had a single 
graft, six had double grafts, three had three grafts and one had 
a Y graft. A relatively large number of patients with a single 
graft are included because a single closure yielded a completely 
unsuccessful revascularization, and because relatively more 
single grafts were being performed during the period of study 
than in later periods. 

Analysis of data: Pre- and postoperative exercise testing 
data were compared in all patients. Normal functional aerobic 
impairment was considered 0 + 20 percent,'® and a significant 
change was defined as a change of 18 percent, which is 1 
standard deviation of this measurement in healthy men.!! 
Normal pressure-rate product/100 was defined as 338 + 41; 
a normal value was considered greater than 256 and a signif- 
icant increase or decrease was defined as a change of 41 
units.!4 

All angiograms were reviewed by two observers: The orig- 
inal preoperative angiograms were not available for two pa- 
tients (Cases 15 and 21), but photographic reproductions and 
the reports of the radiologist and cardiologist were reviewed 
in these cases. Disease in the native coronary circulation was 
considered to have progressed postoperatively if (1) a new 
stenosis of greater than 70 percent in one of the three major 
coronary arteries was present postoperatively, or (2) a stenosis 
of less than 70 percent had progressed to greater than 70 
percent, or (3) a previous stenosis had progressed to occlu- 
sion. 

Postoperative “angiographic infarction” was considered 
to have occurred if (1) new akinesia, not present preopera- 
tively, was found on ventriculography in an area of coronary 
distribution supplied by a vessel with a high grade stenosis or 
occlusion, or (2) new hypokinesia was found in an area sup- 
plied by a coronary artery with a new occlusion. These quali- 
tative changes in ventricular motion have been shown to 
correlate with clinical myocardial infarction.!5 


All data were analyzed for statistical significance using 


Student’s paired t test, unpaired ¢ test or chi square analy- 
sis. Do 


Results 


Clinical profile (Table I): Before surgery all pa- 
tients had chronic stable angina and none had conges- 
tive heart failure. Eight patients (35 percent) had evi- 


dence of prior myocardial infarction. Preoperatively, 


13 of 23 patients (57 percent) were limited by angina to 
New York Heart Association functional class IN or IV, 
and 10 patients were in class II. Postoperatively, 12 of 


Pre-op Post -op 


bY 





Functional Ci lass 





57% 


FIGURE 1. Change In functional class In 23 patients after unsuccessful 
myocardlal revascularization. Post-op = postoperative; pre-op = 
preoperative. 


13% 


23 patients (52 percent) related improvement of at least 
one functional class; only 5 patients (22 percent) were 
asymptomatic (Fig. 1). Three patients (Cases 2, 4 and 
21) had perioperative infarction and three (Cases 1, 11 
and 16) had clinical late postoperative infarction. Of 
these six patients, three reported improved functional 
ability and three were unchanged. 

Changes in exercise performance (Table IJ): The 
study group as a whole demonstrated improvement in 
values for functional aerobic impairment, absolute 
duration of exercise, maximal heart rate and pressure- 
rate product, but only the change in maximal heart rate 
was statistically significant (P <0.05). Functional aer- 
obic impairment decreased from 41.6 + 22.5 percent 
preoperatively to 30.3 + 23.4 percent postoperatively, 
but this change was not statistically significant (P = 
0.091). Analysis of the cases individually revealed that 
functional aerobic impairment decreased more than 13 
percent in 13 patients (57 percent), and was unchanged 
or increased in 10. The patients with decreased func- 





























TABLE | ° 
Exercise Test Responses in 23 Cases (mean + standard deviation) 
j Maximal 
Aerobic Functional Exerclse Pressure-Rate Heart Rate 
Impairment (percent Duratlon (sec) Product (units) (beats/min) 
re oS e ost Pre oS re OS 
Group | 50 20° 241 431° 186 240° 122 150° 
(improved) #12 +19 +75 +117 +39 +35 +22 #11 
(no. = 13) 
Group Il 32 48 322 239 257 222 149 139 
(unimproved) +29 ` +17 +169 +102 +64 +41 +20 +22 
(no, = 9) ` 
Unclassified 12 -t 507 508 359 334 183 176 
(no, = 1) i 
Total 42 30 288 362 221 237 134 147 
(no, = 23) +22 +23 +133 +151 +67 +43 +25 +18 
*P <0.01. 


Post = postoperative; Pre = preoperative. 
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tional aerobic impairment were assigned to Group I 
* (improved) and those with unchanged or increased 

impairment were assigned to Group II (unimproved). 

One patient was not classified because his functional 

aerobic impairment, although it improved by 11 per- 

cent, was within the normal range both pre- and post- 
` operatively. 3 


Pressure-rate product correlated well with exercise 


duration (Fig. 2). Hight of 13 patients in Group I (im- 
proved) had a significant increase in pressure-rate 
product and“4 showed slight improvement. Group I as 
a whole had a statistically significant improvement in 
pressure-rate product (from 186 to 240 units, P <0.001). 
Patients in Group II (unimproved) had a decrease in 


pressure-rate product, and only one patient had sig- __ 


nificant improvement. In the total study group, 10 of 23 
patients had a normal pressure-rate product on post- 
operative testing. 


Maximal heart rate demonstrated the same trend. 


Postoperatively, the rate increased in the total study 
‘group from 134 to 147 beats/min (P <0.05) and in Group 
I from 122 to 150 beats/min; in Group II the rate was not’ 
significantly changed. i 

` Angina occurred during preoperative exercise testing 
in 20 of 23 patients; postoperatively, 10 of these (5 each 
in Groups I and I) were still limited by angina during 


exercise testing, and 1 patient not previously limited by . 


angina had angina after surgery. 

Ischemic S-T segment depression developed on 
exertion in 13 of 21 patients preoperatively; postoper- 
atively, 5 retained this abnormality, 2 additional pa- 
tients were not.evaluated because they were receiving 


Pre-op Post~op Pre-op 





digitalis and 1 patient manifested new S-T depression 
(Fig. 3). ie 
Angiographic findings: Preoperatively, significant 
coronary stenosis (70 percent narrowing of luminal di- 
ameter) was found in one major vessel in 11 patients, in 
two vessels in 10 patients and in three vessels in 2 pa- . 
tients (Table I). Postoperatively, 11 patients demon- 
strated significant progression of disease in the native 


. circulation; 6 of these patients were in Group I, and 5 of 


the 6 had occlusion of a grafted artery with new angio- 
graphic evidence’of infarction. Of the four patients with 
progression in Group II, only one had evidence of in- 
farction. Therefore, when progression of disease was 
associated with infarction, it did not seem to affect ex- 
ercise performance adversely and was frequently asso- 
ciated with improvement. 

New angiographic or clinical evidence of myocardial 
infarction was noted postoperatively in 11 patients (48 
percent) (Table I). The infarction was frequently but 
not always in the distribution of a grafted vessel. Despite 
this large incidence of infarction, mean ejéction fraction 
did not change significantly (0.60 versus 0.57). 

Factors influencing improvement (Table. III): 
The characteristics of Groups I and II were compared 
in an effort to determine which factors influence im- 
provement in exercise performance. There was no dif- 
ference between the groups in cigarette smoking, par- 
ticipation in physical training or use of propranolol. 

When functional aerobic impairment, maximal heart 
rate and pressure-rate product were compared, Group 
I appeared to be more limited than Group II before 
surgery. Preoperative pressure-rate product and max-. - 


Post-op 





PRP ` 
in 
uo 
O 


200 





150 





- GROUP I 
` (Improved FAI) 





GROUP IT 
(Unimproved FAT) 


FIGURE 2. Change In pressure-rate product (PRP) 
before (Pre-op) and after (Post-op) unsuccessful 
myocardial revascularization. Group | (13 patients) 
represents the patients who demonstrated significant 
Improvement in total exercise capacity as measured 
å by functional aerobic Impairment (FAI). Group Ii (9 
aro patients) did not. The solld Imes represent those pa- 
tients whose product Increased by at least 1 standard 
deviation; the dotted lines are those whose ‘product 
did not. The bars represent the mean of each group 
+ 1 standard deviation. The mean Increase In Group 

| was significant (P <0.0014). 
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imal heart rate were more depressed in Group I (P 
<0.01); preoperative functional aerobic impairment was 
also greater in Group I, but the difference was not sta- 
tistically significant (P= 0.054). Thus, it appears that 
patients with more severe limitation during preopera- 
tive exercise testing were more likely to show postop- 
erative improvement. 

Neither the number of vessels diseased, number of 


vessels grafted, existence of prior myocardial infarction, . 


ejection fraction nor time to follow-up angiography 
correlated with the likelihood of postoperative im- 
provement. Pre- and postoperative ejection fractions 
were essentially the same in Groups I and I. Preoper- 
ative depression of ejection fraction below 50 percent 
was not a predictive factor. Intraoperative myocardial 
infarction, as defined by new Q waves, also had no pre- 
dictive value for improved exercise performance. Al- 
though Group I had more patients with postoperative 
clinical or angiographic evidence of infarction, this 
factor was not statistically significant. 

There was a good correlation between a clinical im- 
provement in functional class and improved exercise 
performance. Clinical improvement was reported by 10 
of 13 patients in Group I but by only 1 of 9 in Group II 
(P <0.01). Five patients in Group I but none in Group 
II reported relief of angina. 

Follow-up: Detailed long-term follow-up data are 
not available although a few patients have been re- 
studied and considered for repeat coronary arterial 
surgery. Three patients (Cases 14, 16 and 21) have died. 
One patient (Case 14) died 20 months after surgery (4 
months after the postoperative study); another (Case 
16) died 44 months after surgery, 3 years after his 
postoperative evaluation demonstrated severe exercise 


ISCHEMIC ST-CHANGE 


Pre-op Post-op 
+ + 
Digitalis Digitalis 
Rx Rx 





FIGURE 3. S-T segment change during exercise before and after un- 
successful revascularization In 23 patients. Positive denotes 0.1 mv 
horizonta! or downsloping depression. Changes In patients receiving 
digitalis therapy (Rx) were ‘not analyzed. Post-op = postoperative; 
pre-op = preoperative; + = positive S-T response; — = negative S-T 
response. 


limitation and severe stenosis of the left main coronary 
artery. The third patient (Case 21), who’had Prinzme- 


tals angina, died presumably from ventricular fibril- 
‘lation 8 hours after postoperative arteriography. Post- 


mortem examination revealed a 90 percent atheroscle- 
rotic lesion of the right coronary artery and a new 
thrombotic occlusion of the left anterior descending 
coronary artery. The latter was not seen on angiogra- 
phy. 


Discussion . 


Oi data may be used to address two interesting 
problems. First, can the results of exercise tolerance 
testing be used to predict graft patency? Second, does 
some other mechanism besides increasing myocardial 
blood flow produce the symptomatic improvement seen 
in patients after coronary bypass surgery? 


Can Exercise Testing Predict Graft Patency? 


` The exercise testing protocol used in our study pro- 
vides information on four separate areas of observation: 
(1) records of the patient’s symptoms during testing, (2) 
responses seen in the electrocardiogram, (3) responses 
of blood pressure and heart rate, and (4) an overall es- 
timation of cardiovascular capacity (functional aerobic 
impairment). 

Symptoms during exercise testing: On preopera- 
tive testing, 20 of 23 patients (87 percent) had angina 
during exercise testing, but only 11 (52 percent) of them 
had angina postoperatively (P <0.025). Of the 12 in 
Group I (improved) who had angina preoperatively 
(Table IV), only 5 had angina on postoperative exercise 
testing; by contrast, in Group H (unimproved), only one 


patient lost his exercise-induced angina, and 1 who did 


not have angina during preoperative testing experienced 
it during postoperative testing. Thus, there appears to 
be a good correlation between disappearance of tread- 
mill testing-induced angina and improvement in overall 
exercise capacity as measured by exercise duration or 
work load achieved, irrespective of mechanism. 
Ischemic S-T changes during exercise: Consid- 
erable attention has been given to the response of the 
S-T segment of the electrocardiogram to exercise stress. 


TABLE IlI 


Comparison of Multiple Factors Between Improved (I) and 
Unimproved (Il) Groups 











Group | PValue Group Il 

Vessels with 70 percent 1640.8 NS 1.34 0.5 
stenosis 

Prior Ml 6/13 (46%) NS 2/9 (22%) 
New Infarction ; 7/13 (54%) NS 3/9 (33%) 
Native circulatlon worse 6/13 (6%) . NS 4/9 (44%) 
Preop EF 0.58 + 0.17 NS 0.64 + 0.09 
Preop FAI 50 +12% = 0.054 32+ 29 
Preop PRP - 188 +39% <0.01 257 + 64 
Angina lessened (FC) 10/13 (77%) <0.01  1/9(11%) 


bie values listed are the mean value + 1 standard deviation for each 
up. Groups are compared by unpalred t testing with P value limited; 
fve, or of significance was considered <0:05. 
EF = ejection fraction; FAI = functlonal aerobic Impalrment; FC = 
functional class; MI = myocardial infarction; NS = not significant; Preop 
= preoperative; PRP = pressure-rate product/ 100. 
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TABLE IV 


Changes In Postoperative Exercise Performance as Related to Myocardial Infarction (mean + 1 standard deviation) 





Maximal Heart 





Ischemic Angina with 
S-T 

















Duration of ~ Rate Exercise 
FAI (%) 2 Exercise (sec (beats/min PRP Response Testing 
re OS re ‘ost Pre Post - Pre Post Pre ost 
“MI 44 30° 271 361" 139 156* 222 251t 6/10 2/9 8/11 6/11 
(no. = 11) +15 +16 +96 +120 +10 +58 0 
o Mi - 39 30 304 364 130 138 220 224 7/41 4/10 12/12 6/12 
(no. = 12) +22 +29 +163 £178 +19 +76 +43 














*P <0.02 by palred t testing. 
tP <0.05 by paired t testing. ' 


100 


Some investigators®® have used only the S-T change to 
evaluate exercise performance and have accepted only 
loss of the ischemic S-T segment as evidence of im- 
provement. Our series demonstrates this ischemic sign 
can disappear after unsuccessful bypass surgery. Six of 
the 13 patients with ischemic S-T changes preopera- 
tively no longer had them postoperatively (Fig. 3). Of 
the eight patients in Group I (improved) with preop- 
‘ erative ischemic changes, only two had these changes 
postoperatively (Table II). Ischemic S-T depression was 
abolished postoperatively in only one patient in Group 
II (unimproved). Thus, although there appears to bea 


rough correlation between improvement in exercise | 


capacity and loss of ischemic S-T changes postopera- 
tively, there are definitely some exceptions. In addition, 
patients who have coronary disease without S-T ab- 
normalities preoperatively, or whose S-T segments 
cannot be analyzed because of use of drugs or the pres- 
ence of marked resting abnormalities, can be evaluated 
serially by analyzing exercise capacity (functional aer- 
obic impairment) instead of the S-T segment. 

Blood pressure and heart rate responses to ex- 
ercise: These responses were carefully reviewed in all 
patients. Robinson! documented the reproducibility 
of angina at a given pressure-rate product, and others 
have confirmed this finding.!7-19 Merrill et al.4 believed 
that pressure-rate product at maximal exercise could 
determine the likelihood of graft patency. They con- 
‘cluded that patients with all grafts occluded nearly al- 
ways had a postoperative pressure-rate product of less 
than 250. In our study, 10 patients had a pressure-rate 
product greater than 25) postoperatively, 8 had a nor- 
mal product and 9 of the 23 demonstrated improvement 
of at least 1 standard deviation. In addition, the corre- 
lation between improved exercise capacity (decreased 
functional aerobic impairment) and pressure-rate 
product was quite good (Fig. 2). 

Functional aerobic impairment: This measure- 
ment, based on the predicted maximal oxygen con- 
sumption, provides an overall estimate of cardiovascular 
capacity.1! Maximal oxygen consumption is the product 
of stroke volume, heart rate and arteriovenous oxygen 
content difference at maximal exercise. The assessment 
of exercise capacity by exercise duration (which can 
then be extrapolated to functional aerobic impairment) 
has been shown to be quite reproducible, as has pres- 





FAI = functlonal aerobic impairment; Ml = myocardial Infarction; Post = postoperative; Pre = preoperative; PRP = pressure-rate product/ 


sure-rate product.!7-!9 These studies have shown that 
serial exercise studies are reproducible in the same pa- 
tients, and that learning has little effect on treadmill 
walking. The maximal capacity in patients with coro- 
nary artery disease who are well motivated is presum- 
ably limited by chest pain or left ventricular power 
failure induced by ischemia or other causes. McDo- 
nough et al.?? demonstrated that stroke volume de- 
creases, cardiac output levels off or decreases and pul- 
monary arterial pressure increases at maximal exercise 
in patients with coronary artery disease. However, it 
appears more likely that the Bruce protocol exercise test 
frequently measures an anginal threshold when this 
symptom established termination of the test; McDo- 
nough’s patients generally exercised through angina to 
absolute maximum. Although physical conditioning can 
be shown to improve a patient’s ability to tolerate in- 
creased work loads, the pressure-rate product at the 
point of angina is generally unchanged.”! The improved 
exercise capacity in our improved group (Group I) does 
not appear to be due to training because the pressure- 
rate product increased somewhat in all but one of these 
patients. 


Mechanisms of Improvement After Bypass Surgery 


Several groups of investigators! $22.23 have recognized 
the need to evaluate objectively the functional results 
of coronary arterial surgery and have used exercise 
testing for this purpose. Some of their studies®7,22 have 
noted a correlation between improved exercise perfor- 
mance and myocardial revascularization without 
demonstrating the postoperative status of the grafts in 
most patients. Other studiest2467 have concluded that 
graft occlusion may prevent improvement in exercise 


. capacity, but no series had more than 10 patients with 


occlusion of all grafts. Our study demonstrates that the 
course of patients with unsuccessful coronary arterial 
grafting is variable and that mechanisms of improve- 
ment unrelated to graft patency may contribute to fa- 
vorable postoperative results. 

Myocardial infarction and improvement in ex- 
ercise performance: Although some patients had © 
improved overall exercise capacity or no longer had 
exercise-induced chest pain or the ischemic response in 
the postexertional electrocardiogram, these changes 
were clearly not caused by an additional source of 
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myocardial blood flow. Factors such as extent of coro- 
nary disease, ejection fraction and deterioration of the 


native circulation did not seem to correlate with post-’ 


operative improvement. However, it is possible that 
myocardial infarction was related to the improvement 
in some instances, as suggested recently by two stud- 
ies.2425 Eleven patients in our study had myocardial 


infarction, as documented by either electrocardio- ' 


graphic or angiographic changes. Table IV compares the 
exercise performance of these patients and with that of 


patients who did not have an infarction. The group with’ 


infarction demonstrated statistically significant post- 
operative improvement i in values for functional aerobic 
impairment, exercise duration, maximal heart rate and 
pressure-rate product. Six of the patients actually had 
a significant increase in pressure-rate product, and only 
one (Case 21) had a decrease in double product. These 
results suggest that the association between infarction 
and improvement in exercise performance is causally 
related, possibly because the previously ischemic but 


postoperatively infarcted myocardial segment no longer . 


causes the anginal symptom that limits exercise ca- 
pacity. In other patients who are not limited by chest 
pain during testing, the ischemia induced by the stress 
of exercise may cause a decrease in left ventricular 
compliance”®” or overt left ventricular failure.2°8 It 
should be noted that the mean ejection fraction in the 
group with infarction decreased only slightly (0.59 
versus 0.55) postoperatively, suggesting that these in- 
farctions did not involve a large mass of myocardium. 

‘Other mechanisms of postoperative improve- 
ment: Infarction cannot completely explain the im- 
proved exercise capacity of our patients. Other mech- 
anisms such as cardiac denervation and the placeko 
effect of surgery have been suggested by others.793! In 
our study only two patients had ischemic electrocar- 


diographic changes without angina in the postoperative 
study; therefore, cardiac denervation with persistent 


- ischemia does not seem a likely mechanism in our pa- 


tients. It is possible that, because of the placebo effect 
of surgery, postoperative patients tended to disregard 
their pain and to exercise through their angina. How- 
ever, McDonough et al.” suggested that patients with 
coronary disease eventually manifest left ventricular 
failure at maximal exercise. Thus, it does not seem likely 
that a placebo effect can increase a patient’s exercise 
capacity by a large increment, although this may be a 
partial explanation in some instances. 

` Implications: Our study demonstrates that, re- 
gardless of-its mechanism, improvement in exercise 
capacity after unsuccessful aortocoronary bypass sur- 
gery is not uncommon. That not all patients in the 
Seattle Heart Watch underwent follow-up arteriogra- 
phy is not a valid criticism of this study; patients were 
frequently selected because of recurrent clinical 
symptoms, a selection process that would tend to bias 
results toward deterioration, not improvement. This 
improvement appears to be related to interim myocar- 
dial infarction in some but not all cases. Finally, con- 
clusions regarding the efficacy of myocardial revascu- 
larization should be made after complete evaluation of 
graft patency. Increased myocardial blood flow is not 
the only mechanism of improved exercise capacity in 


k patients after aortocoronary bypass surgery. 
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Factors causing the false positive stress test and the ability of the com- 
puter to improve test classification: were studied In 95 patlents with a 
positive stress test and normal coronary angiograms and 125 patients with 
a true positive stress test. Multivarlate analysis revealed that In men the 
following clinical findings other than S-T depression were useful In correct 
stress test classification: (1) maximal heart rate, (2) maximal systollc 
blood pressure, (3) contour of S-T segment, (4) age, (5) history of chest 
pain, (6) T waves In resting record, (7) chest paln during test, (8) S-T and 
T changes with hyperventilation, (9) resting electrocardiogram, (10) time 
of onset of S-T depression, and (11) Increase in P wave negativity In lead 
V, with exercise. These variables, presented In order of Importance, had 
a different ranking in women. 

With this technique 65 percent of false positive tests were reclassifled 
correctly, whereas they were 100 percent In error using exercise elec- 
trocardiographic changes alone. The overall error In all categories was 
reduced in men from 44 to 21 percent and In women from 63 to 27 percent. 


_ Only 13 percent of subjects with a false positive test had no hemodynamic 


abnormality. The data collected from analyzing the abnormalities In 
ventricular function suggest that there are few truly false positive tests . 
and that ‘computer processing can significantly improve classification 
according to the presence of coronary artery disease. 


The high incidence rate of false positive stress tests has been criticized. 
To examine the factors that play a role in such cases, we analyzed in 
detail patients who had normal coronary angiograms anda positive stress 
test. We emphasize that the term “false positive” is often a misnomer 
because the absence of coronary disease does not necessarily mean that 
the myocardium, the source of the abnormal repolarization, is also 
normal. In this study we attempted to improve the diagnostic accuracy 
of the treadmill stress test with multivariate discriminant analysis uti- 
lizing clinical findings as important determinants of the final classifi- 
cation. We also examined some of the ‘abnormalities in myocardial 
function associated with a “false positive” stress test. 


Materials and Methods 


` Patient groups: A total of 215 patients were selected from those admitted 
for angiography and stress testing because of suspected coronary diseasé. Some 
patients who did not have chest pain were studied because of a previously known 
or suspected infarction or a positive stress test. Groups were selected for detailed 
analysis according to their eventual placement in a false positive or true positive 
classification. 

The true positive group included patients with at least one coronary arterial 
obstruction of 80 percent of |uminal diameter or more, and a stress test with at 
least 1 mm of S-T segment depression 0.08 second from the J point. Those with 
horizontal, downsloping or upsloping patterns recorded in either lead CM; or 
a vertical bipolar lead similar to lead IT were eanehided: 
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The false positive group included those who had similar 
electrocardiographic criteria with no coronary vessel nar- 
rowing of more than 50 percent. Patients with coronary ar- 
terial narrowing of 50 to 79 percent were arbitrarily excluded 
for the purpose of this study. 

The distribution of patients according to sex, presence or 
absence of chest pain, heart rate response and resting elec- 


- trocardiogram is listed in Table I. Patients admitted primarily 


for evaluation of valve or noricoronary heart disease were ex- 
cluded. f 

` Stress tests: A progressive treadmill stress test? with the 
maximal predicted pulse rate as reported by Astrand et al.? 
as a target heart rate was used. Three electrocardiographic 
leads (CMs, Vı and a vertical bipolar lead similar to lead UI) 
were recorded before, during and after the test. 

- Indications for termination of exercise were frequent 
ventricular arrhythmias, severé’chest pain, exhaustion, de- 
creasing blood pressure or the patient’s request to stop the 
test. Blood pressure was recorded with the standard sphyg- 
momanometric method before exercise, during sitting, 
standing and after hyperventilation and at 1 minute intervals 


during the test as long as the measurements were possible. : 


Blood pressure was recorded immediately after the test and 
at 1 minute intervals, along with the electrocardiogram for 8 


. minutes. After control tracings were taken, a period of hy- 


perventilation for 20 seconds was used to evaluate S-T and T 
wave changes associated with this maneuver. 

, Clinical data from the patient’s chart and koii a ques- 
tionnaire routinėly given at the time of the stress test were 
analyzed. Stress tests were examined and a diagnosis was 
agreed upon by at least two examiners. A total of 13 variables 
were entered into the computer in the subsequent analysis. 
The variables used i in computer analysis are listed in Table 
Il. 

Catheterization and angiography: Cardiac Guthateria 
tion studies included right and left ventricular pressure 
measurements with left ventricular pressure recorded before 
and after exercise ‘and after angiography. Resting cardiac 
output was measured: at-rest with the indicator-dilution 
method on a Gilford densitometer. Straight leg raising for a 
few minutes was performed to. assess the, left ventricular 
end-diastolic pressure response to exercise after basal mea- 
surements were made before the injection of contrast medium 














TABLE 1 
Summary of 215 Cases 
: x True False 
Positive Positive 
Stress Test Stress Test 
(no. = 120) (no. = 95) 
no. . % no. °% 
Sex : : 
Male 103 86 55 58 
' Female ' 17 14 40 42 
History of chest pain i í 
Typical : 46 38 18 19 
Atypical 37 31 45 47 
No pain 37 31 32 34 
Heart rate f 
>86% 45 38 62 66 
<85% 75 82 33 34 
ECG at rest : 
Normal - ' 36 30 33 35, 
Abnormal 84 70 62 65 
Chest pain on treadmill : 
Yes . 7 ; 66 57 31 33 
No 51 43 64 6&7 





ECG = electrocardiogram. 


to obtain some estimate of ventricular compliance. Oxygen 
saturation measurements in the arterial and pulmonary cir- 
culations were made with an A-O oximeter, in order to mea- 
sure arteriovenous oxygen difference. Coronary angiograms 
were usually done by the percutaneous approach, and single 
plane left ventricular angiograms were recorded in the right, 
and often in the left, anterior oblique projection. The ejection 
fraction was calculated with the ellipsoid method of Green et 
al. 4° x 
- Statistical analysis: In consultation with Larry Leamy, 
PhD, Department of Biology, California State University, 
Long Beach, California, the data were subjected to a multi- 
variate discriminant analysis utilizing a CDC 3150 computer. 
Discriminant analysis proceeds in a stepwise fashion, taking ` 
first the variable that makes the larger contribution-to the 
separation of groups (in this case, true positive versus false 
positive results). This variable is the one that generates the 


f largest F value in a one-way analysis of variance and, after it 


is entered into the discriminant funċtion, the variable with 
the next largest adjusted F value is selected, and so on, until 
ultimately all variables are exhausted. Each’ succeeding entry 
of a variable is based on its F value generated i in an analysis 
of variance, and after it is ‘entered’ into the discriminant 
function, the variable with the next largest adjusted F value 
is selectad, and so on until ultimately all variables are ex- 
hausted. Because successive entries of variables are based on 
their F values generated in an analysis of variance after con- 
ditional consideration of variables already entered, the F value 
generated for a variable in the final solution may be quite 


different from its eis (independent) value. However, all 


TABLE n 


Clinical Variables Ranked In Order of Importance in Correct 
Classification of Stress Tests in Men and Women 


Pry 


Variable F Value 


A. Men 


Maximal heart rate achieved ° 
Maximal systolic blood pressure achieved 
S-T segment pattern (normal, flat, upsloping or §.6° 
` downsloping) 
Age 6 
History of chest paln (typical or atypical) 4 
T waves (positive, flat, negative) at rest A 
1 





Chest pain during test 

Changes In S-T segment or T waves during 
hyperventilation : 

Electrocardiographlic dlagnosis at rest (normal or 0 
' abnormal) 

Time of onset of S-T segment depression during 0.3 
exercise 

Increase in P wave negativity In lead V4 sone the 0.0 
stress i 

12. T wave Inversion with exercise ‘0.0 


o NDAD. Who 


-b h 
=“ °' © 





B. Women > 





= 


S-T segment pattern (normal, upsioping, horizontal, 
downsloping) 
Maximal systolic blood pressure achleved 


-i 


Age 

T waves (upright, flat, inverted) at rest 

T waves Inverted with exercise 

Changes In S-T segment or T waves during 
hyperventilation 

Electrocardiographic diagnosis (normal or 
abnormai) at rest 

Increase in P wave negativity in lead V,;‘during 
stress 

Time on treadmill ` 

Chest pain during test 


* P<0.05; t P <0.01. Unmarked F values, Including all those for 
wpmen, were not statistically significant. 
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such F values may be tested for significance in the conven- 
tional manner. : 

Tn discriminant analysis, a classification matrix may also 
be generated, the percent of correct classifications indicating 
the power of the discriminant function. In such a matrix, each 
person is placed into the group for which his posterior prob- 
ability of belonging to that group is highest. A perfect classi- 
fication matrix (that is, one in which all patients are correctly 
assigned) would have all the cases represented on the diagonal; 
all off-diagonal elements would be represented by 0. 


Results 


Men: Clinical findings evaluated to determine their 
potential usefulness in predicting the reliability of the 
stress test in men are listed in order of their importance 
in Table ITA. The computer discriminant analysis listing 
the reclassification of true and false positive results in 
men is displayed in Table IT. The total number of men 
is slightly less than the total given in Table I because 
some patients did not have complete data, a procedure 
necessary for the discriminant analysis. Although 13 
percent of those previously correctly classified in the 
true positive group by electrocardiography alone were 
misclassified by computer analysis, 65 percent of the 
false positive diagnoses were correctly identified in a 
group that was 100 percent in error by electrocardio- 
graphic analysis alone. The overall error for the group 
of 215 men containing both false positive and false 
negative diagnoses was 21 percent compared with 44 
percent using the exercise electrocardiogram alone. 

Women: Table IIB lists the variables in order of their 
importance in the analysis of women. The computer 
classification summary for women is listed in Table IV. 
As for men, the total number of women is somewhat less 
than that given in Table I. There was poor correlation 
of the 14 true positive tests in women, as assessed with 
angiography, with the exercise electrocardiographic 


TABLE Ill 
Summary: 127 Men With Positive Stress Tests 


Computer Classification 














“True False 
According to Positive Positive % 
Anglogram (no.)  ~ (no.) Error 
True positive 69 10 13 
(no. = 79) $ 
False positive 17 31 35 
(no. = 48) 
Total 86 41 21 
TABLE IV 
Summary: 47 Women With Positive Stress Tests 
Computer Classification 
True “False 
According to Positive Positive % 
Angiogram {no.) {no.) Error 
True positive 5 9 64 
(no. = 14) 
False positive 4 29 12 
(no, = 33) : 
Total 9 38 30 - 
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evaluation (error rate 66 percent) but when the 33 
subjects with false positive results were‘analyzed with 
the computer program, the negative tests were correctly 
classified (error rate reduced to 12 percent). The overall 
error rate for women was only 30 percent with multi- 
variate analysis but was 70 percent when using the 
electrocardiographic changes alone in this group of 47 


women. 


Hemodynamic data (Table V): A significant inci- 
dence of increased end-diastolic pressure after exercise 
and angiography was found in both the true‘positive and 
false positive groups. There were fewer contraction 
abnormalities in the false positive group, as might be 
expected. The angiographic and hemodynamic abnor- 
malities found in the false positive group were multiple 
(Table VI) and when these are all excluded only 13 
percent of the false positive group appear to be totally 
normal. 


TABLE V 
Summary of Cardiac Catheterization Data 











Positive Positive 
Contraction patterns In 
ventriculogram 

Normal 46 73 

Akinesia 33 9 

Hypokinesia 5 18 

Dyskinesia 16 1 
LVEDP >12 mm Hg 

At rest 41 35 

After exercise ` 64 57 
Other findings 

Mild mitral insufficlency 3 

Papillary muscle dysfunction 3 0 

Mild aortic insufficiency 4 6 

Mild cardiomyopathy - 1 22 

Infarction 31 9 

Left ventricular hypertrophy 6 8 

Bundle branch block 3 5 

IHSS 0 2 

Hypertension 9 20 

Hyperdynamic heart 1 14 








IHSS = idiopathic hypertrophic subaortic stenosis; LVEDP = left 
ventricular end-diastolic pressure. 





TABLE VI 
Angiographic and Hemodynamic Findings Associated With 
False Positive Sjress Tests* . 
% 
A. Coronary anatomy 
1. No occlusions 78 
2. 5-30% occlusions 9 
3. 31-50% occlusions -> 15 


B. Ventricular function 
1. LVEDP >12 mm Hg 
2. Hyperdynamic heart syndrome 
3. Cardiomyopathy with reduced EF 
4. Mild mitral insufficiency 
(includes floppy valve) 
5. Mild aortic Insufficiency 
6. Hypertension (BP 160/100 mm Hg or greater} 


* When A2, A3 and B1 to 6 were Included only 13 percent had no 
abnormalities. 

BP = blood pressure; EF = ejection fraction; LVEDP = left ventricular 
end-diastolic pressure. 
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Discussion 


The selection of patients in this study was consider- 
ably biased because symptoms had to be severe enough 
to justify an invasive test. However, we believe, that this 
group was a representative sample of the population 
referred for study in most large cardiac centers where 
stress testing and angiography are routinely performed 

_to evaluate patients. 


The small incidence of patients with positive stress- 


tests who have no identifiable myocardial abnormality 
is of special importance. It appears that the repolari- 
zation abnormality we now associate with subendo- 
cardial ischemia rarely occurs in a normal functioning 
ventricle. However, we have inadequate means of 
identifying some of the physiologic and metabolic pro- 
cesses that alter the electrocardiogram, and it may be 
that S-T depression always indicates some metabolic 
abnormality. A more detailed discussion of some of 
these processes has been published.” 

Use of multivariate analysis: It would nevertheless 
be useful to be able to separate patients with ischemia 
due to coronary arterial narrowing from those with re- 
` polarization abnormalities due to other causes. Al- 
though our study does not provide a final solution to this 
problem, it suggests that we have often failed to utilize 
adequately all the data available to us. With the incor- 
poration of some of the clinical findings, we were able 
to improve our diagnostic accuracy considerably by 
applying standard computer methods. Multivariate 
analysis has been used effectively by Pipberger et al.® 
to evaluate the resting electrocardiogram in analyzing 
exercise tracings. 

Simple manipulation of the function values generated 


by the program for each variable should be able to im- — 


prove the reliability of our diagnostic accuracy. Even in 
this heavily weighted sample of false positive tests, the 
accuracy of the classification was impressively 
upgraded, especially in men. It is encouraging to think 
that in these patients with false positive tests whose 
diagnosis was 100 percent in error when analyzed by 
exercise electrocardiography alone the rate of error 
could be decreased to only 21 percent in men and 30 
percent in women. The misclassification of the true 
positive tests by the computer emphasizes the need for 
further study of the possibility that other still uniden- 
tified variables might bg included. 

When this approach is applied to a large cohort of 
subjects with both stress tests and angiograms, the re- 
sulting classification function should make it possible 
to improve the specificity and sensitivity of stress 
testing. We are now in the early stages of sucha study, 


whose results will be reported later. The data presented 
here indicate that we have often used tunnel vision by 
trying to make a diagnosis from the S-T segment pat- 
tern alone. It is important to consider as many variables 
as possible in evaluating our patients, even if we lack the 
mechanical support of the computer. 

Comparison of clinical variables: A comparison of 
the variables listed in order of their significance for 
computer analysis in men and women has special in- 
terest. The maximal heart rate achieved was the most 
important in men, but least important in women. The 


. presence of chest pain, both by history and during the 


test, was fairly high on the list for men, but is much less 
important in the evaluation of women. 

Chest pain during the test presumed by us to be an 
important clinical finding, rated low for both men and 
women. The presence of ST-T wave changes during 
hyperventilation also was of limited value. Nell and 
Hattenhaur® found that this maneuver, when pushed 
to a point producing hypocapnic alkalosis, actually in- 
terferes with myocardial oxygen supply by causing va- 
soconstriction and decreasing oxygen affinity of blood. 
It seems likely that our routine procedure of a period.of 
hyperventilation for only 20 seconds was inadequate i to 
produce a significant effect. 

Time on the treadmill (which correlates with aerobic 
capacity) has been reported to be an important pre- 
dictor? yet rated so low in men it was excluded by the 
computer program. Examination of the F values and the 
order of ranking thereafter not only indicates the use- 
fulness of the clinical data for each sex but helps identify 
the variables of little importance. The exploration of 
other clinical data with this method may turn up ma- 
terial of increased significance. 

False positive tests in women: Although the com- 
puter’s performance in women was less impressive than 
in men, the importance of the improved reliability in 
women appears to be most significant. When using the 
S-T segment alone in another study,® we found that 54 
percent of the women undergoing catheterization and 
stress testing had a false positive test. Sketch et al.9 
recently compared S-T depression records with angio- 
graphic findings in 56 women and found 67 percent false 
positives. This reduced sensitivity in women has also 
been suggested by others.1011 

The data presented here not only demonstrate the 
usefulness of a computer in refining the diagnosis, but 
also can function as a stimulus for the evaluation of all 
clinical finding rather than just the exercise electro- 
cardiogram. With this procedure the conclusions drawn 
should be more valid and useful in the management of 
patients’ clinical problems. 
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insensitivity of Echocardiography in Detecting Mitral 
Valve Prolapse in Older Patients ‘With Chest Pain 


JOSEPH F. RUWITCH, Jr, MD. = ~—_ Although echocardiography has ‘proved useful In detecting mitral valve 


C ALAN N. WEISS, MD, FACC ` prolapse, Its limitations have not yet been adequately defined. This study `~ © 
JEROME `L., FLEG, MD A ` was designed to evaluate the prevalence of false negative echocardio-. 
" ROBERT C. McKNIGHT, MD > „grams in patients with anglographically. proved mitral valve prolapse. 
PHILIP A. LUDBROOK, MD, FACC , “Twelve patients, elght men and four women with a mean age of 47 years, 
- St. Louis, Missouri = ea _ - were selected on the basis of the results of cardlac catheterization for 


chest pain. Each patient had moderate to severe mitral valve prolapse, 
‘confirmed anglographically by two observers, with no coronary artery’ 
-disease.or other detectable cardiac abnormalities. Clinically, -a systolic 

- click was detected In three patients, a mid-systollc murmur in five, an 
abnormal electrocardlogram In four and a positive maximal treadmill 
stress test in two of eight tested. Left ventricular anglograms exhibited _ 
anterfor and posterior leaflet prolapse In five, and posterlor-leaflet prolapse’. . 
‘alone in seven. High quality echocardiograms were obtained In 11 pa- 
: tients; one record of Inadequate quality was excluded, The echocardlo- 
`. grams revealed mitral valve prolapse In only one case, and were “prob- 
ably” negative In two, and clearly negative in-eight. Although these results 

” may reflect the well-recognized variable clinical expression of this syn- 
‘drome, they Indicate that false negative echocardiograms are common ` 
in this selected older population of patients with angiographic mitral valve. 
` prolapse ‘who present with chest pain and few other clinical features. Thus, . 
-caution must be exercised in the clinical Interpretation ofa single Penas Pe 

cardlogram negative for mitral valve prolapse, i 


. “Although ihe recent PRERE of iò dimensional echocardiography 
- has permitted more complete visualization of cardiac anatomy and 
. function, the criteria for mitral valve prolapse using this technique re- 
- main uncertain.! Thus at present, single-dimensional M mode echo- 


cardiography remains the most practical noninvasive technique for.the , ` 


~ diagnosis of mitral valve prolapse for routine clinical purposes. Although 

; a - the absolute diagnostic criteria for mitral valve prolapse have not yet _ 

` e- ; “been established, most investigators% regard the left ventricular cine- . 
i i angiogram as the “standard” modality, recognizing its limitations, 
‘particularly in defining the anterior mitral leaflet. Some workers*® have 

reported that. echocardiography is diagnostically highly sensitive—- 
` positive in more than 90 percent of cases—in patients with angio- 
_ graphically proved mitral valve prolapse. However, because we have 
` often recognized mitral valve prolapse angiographically. in the absence 


From the pee Division, Washington of echocardiographic evidence for its existence, this study was designed 
University School of Medicine, St. Louis, Missouri. - to examine the diagnostic sensitivity of the M mode echocardiogram in 
Manuscript recelved February 2, 1977; revised oe wi angiographically proved mitral valve prolapee. 3 
manuscript received May 9, 1977, accepted May k . 
11, 1977. . Methods 

. Address for reprints: Joseph F. Ruwltch, Jr., i : 
MD, Cardiovascular Division, Washington Unl-. Patients: The 12 patients included in this study were among those evaluated 
versity, 660. S. Euclid, St. Louis, Missouri for chest pain during 1975-and 1976 who had no heart abnormality other than 


63110. . , NOE angiographic mitral valve prolapse at cardiac catheterization. They included. 
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FIGURE 1. Schematized left ventricular angiograms at 

- endsystole In the right anterlor obilque and left lateral 

projections, comparing the normal (left panels) with 

typical examples of posterior (middie panels) and an- 

terlor (right panels) mitral leaflet prolapse. AO = aorta; 
= left atrium; LV = left ventricle. 


eight men and four women with a mean age of 47 years (range 
38 to 60 years). The diagnosis of mitral valve prolapse was 
made only upon agreement of two experienced observers who 
examined the angiograms independently without knowledge 
of the clinical findings. The prolapse was diagnosed according 
to standard angiographic criteria?*® and was estimated to be 
mild, moderate or severe by each observer (Fig. 1). Posterior 
leaflet prolapse was defined as distinct bulging of one or more 
scallops of the leaflet posterior to the plane of the mitral an- 
ulus and posteroinferior to the aorta in the 45° right anterior 
oblique projection, or bulging of the inferior portion of the 
mitral valve beyond the mitral anulus (predominantly inferior 


to the mid point of the ariulus) in the left lateral or left anterior - 


oblique view. Anterior leaflet prolapse was indicated by 
distinct bulging overlapping the aorta or directed anteriorly 
and superiorly to the aortic sinus in the right anterior oblique 
view, or backward bulging of the superior portion of the leaflet 
beyond the mitral anulus (predominantly superior to the mid 
point) in the left lateral or left anterior oblique view. Patients 
were excluded if the diagnosis of mitral valve prolapse was 
questioned or if the condition was judged “mild” by either 
observer. The study group consisted of the 12 remaining pa- 
tients in whom moderate or severe mitral valve prolapse was 
diagnosed independently by each observer. 

Echocardiography: M mode echocardiograms were re- 
corded in every case with use of conventionally accepted 
techniques*>:? and were interpreted independently by two 
experienced echocardiographers. Echocardiograms were 
personally twice repeated by one or both physicians in six 
cases, initially within 6 months of the original study and again 
at least 12 months later, in an active effort to document mitral 
valve prolapse with a more meticulous technique and the 
administration of amyl nitrite. Mitral valve prolapse was 
diagnosed in the presence of either a sudden late systolic 
collapse of one or both of the coapted mitral leaflets posterior 
to the expected plane of coaption, or a smooth convex post- 
eriorward “droop” of the leaflets throughout systole. Partic- 
ular attention.was given to evaluating the mitral leaflets well 
distant from the anulus, visualizing the left atrial posterior 
wall and meticulously avoiding inferior angulation of the 
transducer relative to the plane of the anterior chest wall, 
which we have previously shown-to be associated with spurious 
evidence of mitral valve prolapse.8 

Complete physical examination was performed in each 
case, special attention being given to the auscultatory signs 
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of mitral valve prolapse. Twelve lead electrocardiograms and 
chest roentgenograms were obtained. Eight patients under- 
went submaximal treadmill exercise testing. 


Results 


Clinical features: Chest pain, usually with some 
atypical features for angina pectoris, was the indication 
for cardiac catheterization in all 12 patients. Symptoms 
were present for at least 1 year and were of severity 
sufficient to modify life-style in all cases. An early or 
mid systolic click was detectéd in three patients, and a 
mid or late systolic murmur, or both, in five patients. 
Twelve lead electrocardiograms were normal in eight 
patients. Of the remaining four patients, nonspecific 
S-T segment or T wave changes, or both, were recorded 
in three and anterior fascicular block with small R waves 
in the right precordial leads in one. S-T segment de- 
pression of 1 mm or more with a slope more flat than 1 
mv/sec® during: treadmill exercise testing suggested 
ischemic heart disease in two patients; in the remaining 
six patients tested the response to stress testing was 
normal. 

Angiographic features: Prolapse of the posterior 
mitral leaflet alone was documented in seven patients, 
and combined anterior and posterior leaflet prolapse 
was documented in five (Fig. 2). In three patients, pro- 
lapse was considered severe by, both observers;-in the 
remaining nine patients, prolapse was considered 


. moderate by both or severe by only one observer. In 


seven patients, an additional angiographic view (either 


_ left anterior oblique or left lateral) was obtained that 


often confirmed and occasionally demonstrated pro- 
lapse not clearly visualized in the standard 45° right 
anterior oblique projection. Mild mitral regurgitation 
was present in two cases. 

Hemodynamic studies were entirely normal in 11 
patients. In onè patient, the left ventricular end-dia- 
stolic pressure was mildly increased. Left ventriculog- 
raphy revealed no localized segmental asynergy, in 
contrast with previous descriptions.1°" Selective cor- 
onary arteriograms in multiple projections including 
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caudal angulated views!? were entirely normal in 10 
patients and showed nonsignificant localized plaques 
in two. 

Echocardiographic features: Eleven of the 12 
echocardiograms were judged of adequate quality for 
the assessment of mitral valve prolapse; in the 12th, the 
mitral leaflets were imperfectly visualized during sys- 
tole. Of the 11 adequate echocardiograms, 1 was clearly 
positive for late systolic mitral valve prolapse, 2 were 
considered “probably negative” and 8 were definitely 
negative in the opinion of both observers (Fig. 2). In only 
one instance did the repeat study change the initial 
impression from that gained from the original echo- 
cardiogram (negative to positive). In none of our six 
patients restudied later than 12 months was there a 


- change in the echocardiogram (six of six negative). 


Discussion 


Contrary to the findings of DeMaria et al.,4 these 
results indicate a low diagnostic sensitivity rate of the 
echocardiogram for mitral valve prolapse (9 percent) in 
12 patients with angiographically proved prolapse. Even 
if the two “probably negative” echocardiograms were 
included in the positive category, the sensitivity rate of 
the technique would remain remarkably low (27 per- 
cent). Although the study group was small because of 
the strict diagnostic criteria utilized, the proportion of 
false negative echocardiograms is highly significant 
because all patients had moderate or severe prolapse 
documented angiographically. Indeed, if this group were 
enlarged to include patients with mild prolapse, the 
proportion of those with an echocardiographic “false 
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FIGURE 2. Representative unretouched 
anglogram and echocardiogram. Se- 
lected left ventricular anglographic 
frames at end-systole In the right an- 
terlor oblique (A) and left anterior 
oblique (B) projections demonstrate 
posterfor leaflet prolapse (closed ar- 
rows). One or more scallops of the 
posterior leaflet are visible, and there 
is possible anterlor leaflet prolapse 
(open arrow). C, the M mode echo- 
cardiogram, sweeping from the aorta 
(left) to the lower mitral vaive region 
(right), shows no suggestion of pro- 
lapse. 


negative” diagnosis would be substantially greater, 
considering that mild prolapse usually involving a single 
leaflet scallop is often difficult to confirm ultrasoni- 
cally.18 

The exact reasons for the remarkable discrepancy 
between our sensitivity findings- and those of earlier 
studies* is not clear. Part of the answer may be that our 
patients clearly differ from most groups of patients with 
mitral valve prolapse studied previously. It has been 
noted that mitral valve prolapse occurs frequently in 
young women!®!4 often in association with neurotic 
tendencies,!° various musculoskeletal abnormalities,!6!” 
a family history of mitral valve prolapse (possibly 
characterized by an autosomal dominant pattern of 
inheritance)® and chest pain atypical of angina pecto- 
ris.!8 By comparison, our patients were highly selected 
for angiography, were older and more predominantly 
male and had chest pain of sufficient duration and se- 
verity to suggest coronary artery disease. While char- 
acteristic auscultatory findings of mitral valve-prolapse 
were present in a few, no clinical stigmata were observed 
in the majority. Futhermore, in most of our patients it 
was technically difficult to record the echocardiogram, 
often because of a large anteroposterior chest dimen- 
sion. Although the studies were quite adequate, these 
patients had a limited number of transducer positions 
from which the mitral valve could be seen well enough 
to “search” for subtle evidence of prolapse. 

Recent reports suggest that patients with mitral valve 
prolapse constitute a clinically heterogeneous popula- 
tion. Large population studies!® have stressed the in- 
cidental relatively frequent occurrence of mitral valve 
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prolapse in-entirely asymptomatic groups, such as col- 
lege students. Mitral valve prolapse has been described 
in children with and without other cardiac disease.”° 
Mitral valve prolapse has been reported in association 


with many ‘cardiac abnormalities, including coronary - 


artery disease,2! congestive cardiomyopathy,2. con- 
nective tissue disorders?’ and congenital anomalies, 
particularly atrial septal defect.24 It would appear 
therefore that mitral valve prolapse occurs in a wide 
spectrum of subjects, ranging from pediatric to geriatric, 
both with and without symptoms or other clinical stig- 
mata. Although the valve tissue anatomy, clinical 
manifestations and prognosis may vary greatly within 
- this spectrum, the anatomic expression of the syn- 
drome—mitral valve leaflet prolapse—is constant. 
Thus, we believe that the main finding of the our 
study—the poor sensitivity of the echocardiogram in 
mitral leaflet prolapse—may pertain to the broader 
spectrum of functional prolapse regardless of the spe- 
‘cific cause in each individual case. 

Correlation of angiographic and echocardi- 
ographic criteria: Considerable debate exists con- 
cerning the angiographic criteria.for mitral valve pro- 
lapse, particularly of the anterior leaflet?6 and the 
borderline abnormality.!? Several previous reports have 
described angiographic criteria vaguely, often using only 
a single right anterior oblique projection. We believe 
that the angiographic evidence of mitral valve prolapse 

‘is unquestionable in all of our patients because we in- 
sisted on strict criteria based on those of several au- 
thorities36 and used an additional ventriculographic 
projection when the diagnosis was uncertain from the 
right anterior oblique view alone. By excluding patients 
with angiographic evidence of mild mitral valve prolapse 
we deliberately avoided consideration of borderline 
angiographic abnormalities; further, we minimized 
subjective diagnostic variance by including only patients 
whose diagnosis was agreed upon by two expert ob- 
servers. 

Most of the echocardiograms and angiograms ex- 
amined in this study were not performed at the same 
time; some, in fact, were separated by weeks or months. 
In view of the well documented clinical evanescence of 
the detection of mitral valve prolapse,1® it may be ar- 
gued that the echocardiograms and angiograms cannot 
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be compared. (We know of no studies serially docu- 
menting the angiographic evanescence of prolapse.) 
However, our study reflects a common clinical situation 
in which diagnostic conclusions are frequently based on 
a single echocardiogram. Realizing that the echocardi- 
ogram may be negative at any one time, either because 
it is falsely negative (in the presence of mitral valve 
prolapse) or because it is truly negative (with angio- 
graphic mitral valve prolapse not present at that mo- 
ment), one must exercise considerable caution in in- 
terpreting a single negative echocardiogram. Whether 
the diagnostic yield may be enhanced with multiple 
repeat echocardiograms is questionable because none - 
of our six late repeat studies showed a change. , 

The low diagnostic sensitivity of the M mode echo- 


_ cardiogram may in part reflect the geometric limitations ` 


of its single dimensional (“icepick’’) view of the rela- 
tively copious mitral leaflet tissue. Certainly, prolapse 
of an isolated scallop of the posterior leaflet could be 
missed by failure of the ultrasonic beam to pass through 
that particular portion of thé valve. Moreover, recent 
data from two dimensional echocardiographic studies 
indicate that mitral valve prolapse actually involves 
excessive and premature billowing of both leaflets, with 
a major component of prolapse motion of both leaflets 
occurring in the cephalad rather than posterior direc- 
tion.1 Because the present M mode echocardiographic 
criteria of mitral valve prolapse are based solely on the 
demonstration of abnormal posterior motion of the 
leaflets, many instances of mitral valve prolapse are 
probably missed by this technique. 

Implications: We conclude that, at least in our 
subgroup of patients with angiographically proved 
mitral valve prolapse, the M mode echocardiogram is 
relatively insensitive for the detection of prolapse. Al- 
though the relevance of this finding to the overall 
spectrum of mitral valve prolapse is not yet clear, fur- 
ther prospective studies of echocardiographic sensitivity 
are certainly warranted, expanding from our relatively 
small number of patients, with special attention to 
multiple examinations and comparison with multidi- 
mensional techniques. On the basis of current M mode 
techniques and criteria, a single negative echocardio- 
gram does not necessarily exclude mitral valve prolapse 
and should be interpreted with caution. 
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Paradoxical motion of the interventricular septum In early diastole has — 
been observed In patients with mitral stenosis. To evaluate the cause of 
this septal motion abnormality M mode and cross-sectlonal echocardio- 
grams. were performed In 36 patients with mitral stenosis and 20 normal . 
subjects. Cross-sectional studles In the normal subjects (Group I) and 9 


‘of 11 patients with minimal septal motion abnormality (Group IIA) showed 


normal left ventricular diastolic shape and relaxation pattern. In 23 of 25 
patients with more severe septal motion abnormality (Group IIB) there 


` was a distinct change in Initial diastolic left ventricular shape, charac- 
> terizèd by motion of the Interventricular septum away from the right 
~~, ventricle and In toward the left ventricular cavity. 


Hemodynamic measurements were evaluated In patients with mitral 
stenosis to determine the underlying cause of this septal motion abnor- 
mallty. There was no significant difference between Groups IIA and IIB 
in left atrial pressure, pulmonary arterial diastolic pressure, cardiac Index, 
left ventricular end-diastolic pressure, right ventricular end-diastolic 
pressure or the ratio of left to right ventricular end-diastolic pressures. 
Mitral valve area calculated by both the Gorlin formula and cross-sectional 
echocardlographic measurement was significantly smaller In patients with 
greater septal motion abnormality (2.0 + 0.9 versus 1.1 + 0.4 cm? [mean 
+ standard error of the mean], P <0.025) and (3.6 + 1.4 versus 1.6 + 
0.5 cm?, P <0.001), respectively. In addition, calculation of rate of left 
ventricular filling from both the M mode echocardiogram and left ven- 
tricular cineanglogram demonstrated a significant reduction In left ven- 
tricular Initial diastolic filling In Group IIB. These data suggest that the. 
abnormal septal motion pattern noted In the M mode recording Is due to 
a change in left ventricular initial diastollc shape and that this change in 
shape reflects Inequality. of Initlal diastolic filllng of the two ventricles, ` 


` producing a relative Initial dlastollc right ventricular volume overload. 


Abnormal or paradoxical motion of the interventricular septum has been 
noted during M mode echocardiographic study of the left ventricle in 
a wide variety of clinical disorders.!-*1 In a recent study we? examined 
the mechanism of paradoxical septal motion in a group of patients with 
right ventricular volume overload and demonstrated that the abnormal 
motion pattern was due at least in part to a change in diastolic shape of 
the left ventricle. The change in diastolic shape was produced by a left- 
ward shift of the interventricular septum away from the right ventricle 
and- toward the left ventricle in response to the increase in right ven- 
tricular diastolic volume. During systole the left ventricle returned 
toward its normal more circular configuration. This change in shape from 


- diastole to systole resulted in a net anterior and rightward or paradoxical 


motion of the septum in space. It appears therefore that although most 
interest has focused on paradoxical systolic septal motion patterns, in 


_ certain cases, such as right ventricular volume overload, the systolic 


motion abnormality is only a secondary response to a primary diastolic 
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A. B Cc 


EN ERGA MAINE I Xs 
FIGURE 1. Diagrammatic illustration of the various patterns of septal 
motion observed In this study. A, normal pattern of septal and posterior 
wall contraction and relaxation. There Is uninterrupted anterior dlastollc 
motion of the interventricular septum colncident with rapid filling of the 
ventricle. EKG = electrocardiogram; EN = posterior wall endocardium; 
LS = left septal surface. B, a slight downward motion of the left septum 


interrupts the normal rapid anterlor motion In Initlal diastole (arrow); 
however, the nadir of this posterlor motion or diastolic dip does not equal 


sa - < 


the most posterlor motion of the left septum at end-systole. C, the am _ 


terior dlastollc motion of the septum is interrupted by marked para- 
doxical or downward motion of the septum in initial diastole (arrow). 
To differentiate patients with absent or minimal septal motion abnor- 
‘mallty from those with marked abnormality all patients with mitral 
stenosis with elther type A or B septal motion were grouped together 
(Group IIA) and compared with patients with more severe septal motion 
abnormalities as in C (Group IIB). 


change in septal potion and left ventricular shape. 
Applying these observations to the M mode recording, 
it becomes evident then that it is the paradoxical or 
abnormal posterior diastolic septal motion that reflects 
the change in left ventricular shape and hence the pri- 
mary abnormality. 

In patients with mitral stenosis one also frequently 
observes an abnormal diastolic motion pattern of the 
interventricular septum.” In these cases the M mode 
recording generally shows a rapid exaggerated posterior 
or paradoxical motion of the interventricular septum 
occurring coincident with the opening or E point of the 
mitral valve. Although various theories have been of- 
fered to explain this abnormal or early initial diastolic 
paradoxical septal motion, the mechanism remains 
unclear.234 A consideration of the mechanisms of 
paradoxical systolic septal motion suggests that the 
diastolic abnormality should be due either to an ab- 
normality of spatial motion of the left ventricle or toa 
change in left ventricular diastolic shape. The purpose 
of this study therefore was (1) to define the mechanism 
of abnormal diastolic motion of the interventricular 

‘septum in patients with mitral stenosis, and (2) to ex- 
plore the possible hemodynamic factors underlying this 
motion abnormality. 


Materials and Methods 


Patients: M mode and cross-sectional echocardiographic 
studies of the left ventricle were performed in 20 normal 
control subjects (Group I) and 36 patients with catheteriza- 
tion-proved mitral stenosis (Group I). In the patient group 
with mitral stenosis there were 28 women and 8 men with an 
average age of 46 years (range 26 to 65 years). The diagnosis 


of mitral stenosis was established in each case with standard 
cardiac catheterization and cineangiographic techniques. The 
mitral valve area was calculated using the Gorlin formula.”576 
Intracardiac pressures were measured using a fluid-filled 
catheter manometer system. The left atrial: pressure was 
measured directly in 30 cases and estimated from the pul- 
monary capillary wedge pressure in 6 cases. Cardiac output 
was determined with the Fick oxygen consumption method. 
One or more associated valve lesions were present in 23 of the 
36 patients with mitral stenosis (64 percent). These included 
aortic insufficiency (8 cases), mitral insufficiency (13 cases), 
tricuspid insufficiency (4 cases), tricuspid stenosis (3 cases) 
and aortic stenosis (4 cases). One patient had a critical (greater 
than 75 percent) stenosis of the left anterior descending cor- 
onary artery. However, there was no clinical or electrocar- 
diographic evidence of prior myocardial infarction or seg- 
mental dysfunction on the left ventricular angiogram. Mitral 
stenosis occurred as an isolated lesion in 13 cases. 

Patients with mitral stenosis were compared with 20 normal 
control subjects who had normal M mode and cross-sectional 
echocardiographic studies and no evidence of cardiac disease 
either by history or physical examination. Cardiac catheter- 
ization was not performed in the normal group. 

M mode echocardiographic recordings: These were 
performed using an Ekoline 20A echograph combined with 
a Honeywell 1856 strip chart recorder and a 2.25 megahertz 
transducer focused at 7.5 cm. Standard techniques for patient 
positioning and left ventricular recording were utilized.” M 
mode records were evaluated for presence or absence of an 
early diastolic downward motion of the interventricular sep- 
tum beginning at approximately the onset of posterior dia- 
stolic left ventricular posterior wall motion and reaching its 
nadir at a point coincident with the E point of the mitral valve 
echogram. Patients with mitral stenosis were classified into 
two subgroups based on the magnitude of this diastolic dip. 
Group IIA consisted of 11 patients with no diastolic dip or in 
whom the magnitude of this dip failed to exceed the most 
posterior. position of the left septal surface at end-systole. _ 
Group IB consisted of 25 patients in whom the magnitude 
of the paradoxical initial diastolic septal motion or diastolic 
dip exceeded the most posterior position of the left septum 
at end-systole. Because the magnitude of this dip may vary 
in different portions of the record, patients were placed in 
Group IIB if the dip exceeded the maximal posterior systolic 
deflection of the septum at the level of the free edge of the 


- mitral leaflet in any portion of the recording. Figure 1 is a di- 


agram of these patterns of septal motion. Figure 2 presents 
M mode recordings from three patients with mitral stenosis 
illustrating various degrees of posterior initial diastolic motion 
of the septum. 

Cross-sectional echocardiography: The presence or 
absence of change in left ventricular diastolic shape was 
evaluated from short axis cross-sectional echocardiographic 
studies of the left ventricle in these three groups of patients. 
Cross-sectional studies. were performed using either a me- 
chanical sector scanner developed in collaboration with thé 
Fortune-Fry Research Laboratories at Indiana University 
Medical Center or a commercially available mechanical sector 
scanner (Smith-Kline Instruments, Echo-sector I). These 
systems consisted of a modified Ekoline 20-A echograph with 
a pulse repetition rate of approximately 4 kilocycles/sec and 
a scanner probe containing a 2.25 megahertz transducer me- 
chanically driven through a 30° sector at a variable rate of 
from 0 to 30 cycles/sec. The operating characteristics of these 
systems have previously been described.2%.27,28 Cross-sectional 


_ images recorded on videotape were available for display in a 


real time, slow motion or stop-frame format. Single frames 
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were converted to hard copy using a standard Polaroid® 


photographic system. l 

The patients were studied in either supine or in the 30° left 
lateral position. The sweep of the cross-sectional probe was 
initially aligned parallel to the Jong axis of the left ventricle 


in the area of the mitral valve. Once the mitral valve was lo- . ` 
cated, the free edges of the anterior leaflet were placed in the `. 


center of the 30° sector. The probe was then rotated 90° to 
record a short axis of the left ventricle at the level of the free 
edge of the mitral leaflets. Short axis cross-sectional record- 
ings were specifically examined for any abnormality of left 
ventricular shape occurring during the diastolic relaxation 
period. Recordings were examined independently by two 
observers. When there was a difference of opinion between 
observers or it could not be clearly stated whether a change 
in shape occurred the case was listed as equivocal. Mitral valve 
area was also measured from the cross-sectional echogram 
using planimetry of the inner margin of the echo from the 
mitral valve orifice i in a manner similar to that previously 
described. 

Hemodynamic measurements: In an attempt to define 


the underlying hemodynamic cause of the septal mation ab- . 


normality, patients with mitral stenosis and little or no septal 
diastolic dip (Group ITA) were compared with patients with 


a more pronounced septal motion abnormality (Group IIB) . 


in regard to cardiac index, pulmonary arterial diastolic pres- 
sure, left ventricular end-diastolic pressure, right ventricular 
end-diastolic pressure, relative right and left ventricular 


end-diastolic pressures, mean left atrial pressure, mitral valve ` 


area ‘calculated with the Gorlin formula, mitral valve area 
planimetered from the cross-séctional echo, presence or ab- 
sence of associated valve lesions and melanie rate of left ven- 
tricular filling. 

Rate of left ventricular filling: This was dacemaihea i in 
two ways: (1) from the rate of change in left ventricular dia- 
stolic dimension determined from the M mode echocardio- 
gram, and (2) from the rate of change in left ventricular vol- 
ume calculated from the right anterior oblique cineangiogram. 
The rate of change in left ventricular volume was determined 
from the M mode recording by measuring the change in left 
ventricular diastolic dimension as a reflection of change in 
volume at 50 msec intervals from end-systole to end-diastole. 
To normalize these values for heart rate, percent change in left 


ventricular dimension was determined for the first, second, 


FIGURE 2. M mode echocardi- 
ographic recordings from three 
patients again Indicating the varl- 
able expression of the initial dia- 
stolic downward or paradoxical 
motion of the interventricular sep- 
tum. A, a small downward motion 
not exceeding the most posterlor 
position of the septum at end-sys- 
tole Is recorded (arrow). In both B 
and C a more prominent Initial dia- 
stolic postertor motion Is observed 
(arrows). The patient whose re- 
cording is illustrated in A would be 
included In Group IIA; the patients 
whose records in B and C show 
more prominent septal motion ab- 
normality would be included in 
Group IIB. EN = posterlor wall en- 
docardium; LS = left septal surface; 
RS = right septal surface. 
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third ee fourth quarters of the diastolic filling period. Ab- 


-solute values were converted into’ percent’ filling at each 


quarter by dividing the total diastolic increase in left ven- 


tricular diameter by the absolute change in diameter. 


Cineangiograms recorded in the 30° right anterior oblique 
projection suitable for ventricular volume measurement were 
available in 17 patients. Frame by frame analysis of the dia- 
stolic cycle was performed beginning with the end-systolic 
frame and ending with the end-diastolic frame. Premature 
beats and postextrasystolic cycles were excluded. Volume 
measurements of the left ventricle in the right anterior oblique 
projection were performed using. standard area-length 
methods as previously reported.30.31 Angiographic change in 
volume was also expressed as percent filling at. each quarter 
of the-diastolic filling period. 

Finally, to evaluate the effect of motion in space on the 
abnormal diastolic septal pattern, motion of the left ventric- 
ular posterior wall away from the anterior chest wall (used as 
a spatial reference point) in initial diastole (D-E) was also 
compared in the three groups. 


Results 


Relation of abnormal septal motion pattern to 
change in left ventricular shape: In 18 of 20 normal 
subjects (Group I) the M mode record demonstrated 


` smooth uninterrupted motion of the interventricular 


septum anteriorly or away from the left ventricular 
posterior wall during the rapid phase of ventricular di- 
astolic filling. In the remaining two subjects this smooth 
anterior motion was interrupted by an abrupt brief 
posterior deflection or dip. Cross-sectional studies of 


’ these patients revealed the left ventricle to be a circular 


or relatively circular structure at end-systole. With the 
onset of normal diastolic relaxation the left ventricular 
walls moved symmetrically away from the geometric 
center of the ventricular cavity: During this relaxation 
phase the ventricular walls maintained their normal 
relatively circular configuration. This relaxation pattern 
was similar to that previously described for normal 
subjects.22 , 

Cross-sectional studies in 9 of 11 patients with mitral 
stenosis and absent or minimal septal motion abnor- 
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FIGURE 3. Serial dlastollc short axis cross-sectional recordings of the, 


~ left ventricle from a patient-with mitral stenosis and prominent septal 


motion abnormality. At end-systole or beginning diastole (frame 1) the .. ‘ 


left ventricle has a relatively circular configuration. In the-Initlal portion 
* of diastole Immediately after opening of the mitral valve (frame 2) there 
‘Ig a very prominent shift In position of the Interventricular septum away - 
from the right ventricle and toward the left ventricle. This alters the 
_ shape of.the left ventricle during initial, diastola.. Throughout the re- 
mainder of diastole, (frames 3 and 4) the left ventricle gradually fills and’. 
Septal position shifts. back toward the right ventricle and away from the 
: left ventricle. At end-dlastole the ventricle has retuned to its normal. 
_ctrcular configuration. Systolic, contraction then proceeds In a normal 
‘fashion. In the center panel the relative. positions of the endocardial — 
surface of the left ventricle from end-systole to end-diastole are outlined. 


‘Between positions 1 and 2 there Is a very abrupt change In left ven- - 


. tricular diastolic shape: In positions 3 and 4 the ventricle erally re- 
“tums toward Its normal circular configuration. 


. malities in the M mode record (Group ITA) also showed 

: a normal pattern of diastolic relaxation with mainte- 
. nance of a normal relatively circular diastolic shape. In . 
the two remaining cases diastolic shape was interpreted 
' as equivocal. 

- Cross- sectional studies in 23 of the 25. patients with 
more pronounced septal motion abnormalities in the . 
M mode record (Group IIB) showed various changes i in 
left ventricular diastolic shape: This change in shape 
-occurred abruptly at the onset of diastole-and was due 
to a marked leftward or posterior motion of the entire 
interventricular septum away from the right ventricle 
„and in toward the left ventricle (Fig. 3). This-motion of — 
`: the septum toward the left ventricle changed the shape, 

_ of the left ventricle from circular at’ end-systole to 
flattened or half moon in configuration during initial - 
` ‘diastole. During the remainder of diastole the septum 


gradually moved rightward and anteriorly.resulting in.. 


\ 


a gradual return of left. ventricular shape toward its-- 
more normal circular configuration. Aè a rule, by the end _ 
of diastolic filling the normal shape of the left ventricle . 


. had‘ been réassumed. Systole therefore generally oc- -` 


- curred with the left ventricle in a normal more circular 


1 


a) 
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TABLE L 
dueran dis alan Data (mean + standard error of the mean) 
Group Bi Group . 
i “WA ` IB 
_ „Ci (liters/min'per m?) 2.3 + 0.7 2.3 + 0.5 (NS) 
Pressures (mm Hg). ~> 
MEAS S ` *, 23.6 + 4.3 24.9 + 7.1 (NS) 
PAd 22.6 + 7.3 . 28.7 + 12.2 (NS) 
LVEDP 128 +14 , 11.1 + 4.2 (NS) 
RVEDP. 10.8 +46.8 ' . .10.0 + 3.8 (NS) 
LVEDP/RVEDP 12.9 + 1.4 (NS) 
s 10.8 £ 6.8 i i 
: LVEDP/RVEDP “on 11.1 + 4.2 (NS) 
i : 10.0 £38 t 
: MVAc (om?) , : 2.0 + 0.9. 4:1 £ 0.4 , 
(P = 0.025} 
MVAe tent), (2 86+ 1.4 4.6 + 0.5 
: ete (P = 0.001) 


CI = cardiac Index: LA = léft atrial mean pressure; LVEDP = left 
ventricular end-diastolic pressure; MVAc = mitral valve area 
using the Gorlin formula; MVAe = mitral valve area obtained by plant 


from the cross-sectional echocardiogram; NS = not significant; 


-metry 
P = probability; PAd = pulmonary arterial dlastolle pressure; ENED? 


= right ventional end-diastolic Pressure. 


TABLE II 
Percent Ventricular Fitting In Each Quarter of Diastote 





A (mean + standard error of the mean) 





Quarter , , ; 
‘Diastole Group! -`> Group IIA Group IIB.” 
_ A. Estimated From Cross-Sectional Echocardiogram ` 
1 . 68.4415.1 2924146 5.34329 
: Do (P<0.001)  (0.05> P >0.025) 
pa 2 >, 18.7 + 14.5 . 31.2 £7.8. 39.3 + 29.5 
=i ) ` (0.025> P - (NS) 
i i “,>0.01) - -. 5 3 
- 3 © 3443.7 Er 14 12 33.8 + 30.8 
ao ae - z  (P<0.001) (NS) - 
4` ` 94Ẹ& 11.14 13.4463. 21.6 + 17.5 
(NS) - (NS) i 
; B. Calculated From Left Ventriculogram 
qk: 35.249.7 164+9.0 
ae - g i (0. 005> P>0. 001) 
2° 3047.02 35.74 11.6 
i (NS) - 
a 1845.7 30.84 10.8 
a 7 050>.P >0: 025) 
4.. ATETA 17177 
D ‘ Ting): 
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configuration and systole contraction proveedéd i ina 
‘normal fashion. 


Hemodynamic factors underlying nide] in left 
ventricular shape: Various hemodynamic measure- 


` ments were then examined in the.two patient groups 


with mitral stenosis (Groups ITA and IB) in an attempt 
to define the hemodynamic functions underlying this 
change in left ventricular diastolic shape (Table I). No. 
significant difference was found between these two 
groups (IIA and. IIB) in cardiac index; pulmonary ar- 
terial diastolic pressure, mean left atrial pressure, left 
ventricular end-diastolic pressure, right ventricular 
end-diastolic pressure and relative right and left ven- 
tricular end-diastolic pressures within the individual. 


@ GROUP I 
A GROUP Ila 
m GROUP Ib 


% FILLING 


“0 25 50 75 100 
DIASTOLE, 


FIGURE 4. Relative rates of left ventricular- filling in normal patlents 
(Group |), patients with mitral stenosis with minimal septal motion ab- 
normality (Group IIA) and patients with mitral stenosis with more severe 
septal motion abnormallty (Group IIB). There Is a significant differencé 
In rate of-diastolic filling of the left ventricle between Group | and Groups 
IIA and IIB at each of the first three quarters of diastole. In addition there 
Is a significant difference between Group IIA and IIB In the first quarter 
of diastole. 


a 


groups. However, mitral valve area calculated by the 


Gorlin formula was significantly larger, in patients ` 


without change in left ventricular shape (Group ITA). 

Because mitral insufficiency was present in many of 
these patients, resulting in uriderestimation of the mi- 
tral valve area from the hemodynamic data, this área 
was also measured directly from the cross-sectional 
echogram. Use of this method resulted in a more sig- 
nificant difference in mitral valve area Between patients 
in Groups IIA and IIB. 

Rates of left ventricular diastolic filling: One 
would not expect severity of mitral stenosis itself to 
affect left ventricular shape directly. The observed 
change in shape should be due either ‘to changes in 
pressure or volume proximal to the obstructive lesion 
or to decreased filling of the left ventricle distal to the 
obstruction. To evaluate rates of left ventricular dia- 
stolic filling, the percent of change in echocardiographic 
left ventricular diastolic didmeter in each quarter of 
diastolic filling period was evaluated for each of the 
three study groups (Groups I, A and IIB) (Fig. 4). The 
data from which these filling curves were generated are 
contained in Table II. Since the major change in left 
ventricular shape occurred at the onset of diastolic 
filling, the most significant, difference in rate of left 
ventricular filling should occur in the initial quarter of 
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FIGURE 5. Relative rates of left ventricular filling In patients with mitral 
stenosis with (Group IIB) and without (Group IIA) marked change in left 
ventricular shape determined from the left ventricular (LV) cinéanglo- 
gram. Agaln there Is a significant difference In rate of flillng between 
these two groups of patlents In the first quarter of diastole. 


diastole. Percent filling for the first quarter of diastole 


in normal patients (Group I) averaged 66 percent versus 
32 percetit for patients with mitral stenosis dnd minimal 
septal thotion abnormality (Group ITA) (P <0.001). 

There was also a significant.difference in rate of filling 
in the initial segment of diastole between Groups HA 
and IIB (P°<0.05). Because calculation of echocardi- 
ographic volumes in patients with a change in diastolic 
shape of the ventricle may be inaccurate, rates of left 
ventricular filling were also, when possible, compared 
for Groups ITA and IIB from the right anterior oblique 
left ventriculogram (Fig. 5). Again there was a statisti- 
cally significant difference (P <0.005) in filling rate 
between these two groups in the first quartér of diastole 
(Table IIB). 

Relative rates of right and left ventricular filling: 
In addition to these data there was also a difference 
between these groups with regard to presence of asso- 
ciated lesions affecting relative rates of left and right 
ventricular filling. In all patients in Group ITA there 
were associated cardiac lesions that would either aug- 
ment initial diastolic left ventricular fillig or retard 
simultaneous right ventricular filling. These included 
aortic insufficiency in five cases, mitral insufficiency in 
six cases and tricuspid stenosis in two cases. Associated 
lesions were present in only 12 of 25 cases (41 percent) 
with more severe change in left ventricular shape 
(Group IIB). These included tricuspid insufficiency 
(three cases), tricuspid stenosis (one case), mitral in- 
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FIGURE 6. Diagram Illustrating the relatlon of the pattern of septal 
motion observed In.the M mode echocardiogram (left septal echo) and 
the change in left ventricular shape observed using the cross-sectional- 
systam. At end-systole the left ventricle is normally In a circular or 
relatively circular configuration, At the onset of diastole there Is an 
abrupt leftward motion of the interventricular septum away from the 
right ventricle and in toward the body of the left ventricle. This change 
in septal motion alters the configuration of the left ventricle and cor- 
responds to the rapid downward dlastolic motion of the left septal echo. 
As diastole progresses the left ventricle returns to a normal circular 
configuration colncident with motion of the septum back toward the right 


_ ventricle and away from the left ventricular cavity. EKG = = electrocar- _ 


_dlogram. 


i 


sufficiency (six cases), aortic insufficiency (three cases), 
aortic stenosis (one case) and one càse with a significant 
coronary arterial lesion. In only one of these cases was 
either aortic insufficiency or mitral insufficiency con- 
sidered moré than mild. In addition, in the case with 
tricuspid stenosis, tricuspid insufficiency was also 
present and was considered the predominant lesion. 

‘Effect of spatial motion of the left ventricle on 
diastolic septal motion: Finally, to evaluate the pos- 
sible contribution of abnormal spatial motion of the left 
-ventricle.to the abnormal pattern of diastolic septal 
motion, the initial posterior diastolic motion of the 
posterior left veritricular wall as a reflection of overall 
motion of the left ventricle in space was compared for 
the three groups. No significant difference in amplitude 
of posterior wall motion was found between any of these 
groups (Group I, 0:85 + 0.3 [mean + standard errot of 
the mean]; Group IIA, 0.78 + 0.2; and group IIB, 0.8 + 
0.3 mm). These data indicate that there is rio éxagger- 
ated spatial motion of the left ventricle during initial 
diastole and hence that motion of the entire ventricle 
in space does not contribute to the abnormal diastolic 
septal motion. 


Discussion 
oe study suggests that the paradoxical initial dia- 


stolic septal motion observed in patients with mitral- 


stenosis reflects a change in left ventricular initial dia- 
' stolic shape. This change in shape was similar in timing 
to the paradoxical septal motion and was present con- 
sistently (23 of 25 cases, 92 percent) in patients with the 
most marked alteration in septal motion pattern (Group 


IIB). The abnormal left ventricular shape was produced ` 


by an inward bulging of the interventricular septum 
toward the left ventricular cavity during initial diastole. 
During the later portions of diastole the septum grad- 
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ually moved back toward the right ventricle. This 
change in septal position was coincident with a gradual 
return of the left ventricle toward its normal circular 
configuration (Fig. 3). The temporal relation of the 
change in left ventricular shape to the M mode septal 
motion pattern is illustrated in Figure 6. In contrast, 9- 
of 11 patients (82 percent) with mitral stenosis and less 
apparent diastolic septal motion abnormality (Group 
IIA) showed little or no observable change in left ven- 
tricular diastolic shape. 
Relation of the change in left ventricular shape 
occurring in patients with mitral stenosis to that 
seen with right ventricular volume overload: Hav- 
ing established that the underlying mechanism of the 
abnormal septal motion pattern is a change in left 
ventricular-initial diastolic shape it is next important 
to examine the relation of this change in shape to the 
pattern previously noted in patients with right ven- 
tricular volume overload. The change in left ventricular 
diastolic shape in patients with mitral stenosis is qual-_ 
itatively similar but temporarily different from the 
change in shape occurring with right ventricular volume 
overload. In both groups the change in left ventricular 
diastolic shapé is produced by an inward bulging of the 
interventricular septum away from the right ventricle 
and toward the left ventricle. With right ventricular 
volume overload the abnormal shape of the ventricle is 
maintained throughout diastole, returning toward a 
normal configuration only with the onset of ventricular 
systole. In contrast, in the majority of patients with 
mitral stenosis the change in left ventricular shape is 
most prominent in the initial portion of diastole. As 
diastole progresses, the left ventricle gradually returns 
toward a more normal circular configuration, coincident 
with motion of the interventricular septum away from 
the left ventricle and back toward the right ventricle. , 
Relation of alteration in left ventricular shape 
to the relative filling patterns of the two ventricles: 
A consideration of filling patterns and relative volumes 
of the two ventricles in patients with right ventricular 
volume overload and mitral stenosis helps to explain 
these differences. With right véntricular volume over- . 
load the relative discrepancy in volumes between the 
two ventricles is presént throughout diastole. With 
mitral stenosis the relative difference in volumes should 
vary during diastole. Although patterns of right ven- 
tricular filling were not specifically examined in this 
study, it can be assumed that the initial diastolic flow 
of blood into the unobstructed right véntricle should be 
relatively normal. However, filling of the left ventricle 
is limited by the narrowed mitral valve orifice. Hence, 
if the right ventricle fills tapidly i in initial diastole, while 
filling of the left ventricle is delayed, then a relative 
initial diastolic right ventricular volume overload should 
exist. As diastole progresses, left ventricular volume will 
gradually i increase relative to right ventricular volume. 
This increase in left relative to right ventricular volume 
would be expected to reverse the rélative volume over- 
load and return the interventricular septum to its nor- . 
mal position and configuration. If this concept is correct, 
patients with the most marked restriction in left ven- 
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aa z filling should have the Seales rélative right 
ventricular volume overload in initial diastole and hence 
the greatest abnormality of ventricular shape. 


_ Several important differences between the groups of 
patients with mitral stenosis with and without change. 


of ventricular shape support the concept that change 
in left ventricular shape is due to unequal initial dia- 
stolic filling of the two ventricles. First, the rate of filling 


of the left ventricle should be related to the severity of 


mitral stenosis and hence to the mitral valve orifice. The 
mitral valve orifice determined both with the Gorlin 


formula and with cross-sectional echocardiography was ` 


significantly smaller in patients with the greatest change 
in left ventricular diastolic shape. Secondly, associated 
lesions that would tend to increase the rate of left ven- 
tricular filling in initial diastole or decrease the rate of 
right ventricular filling were more common and severe 
in patients without change in diastolic shape than in 


patients with change in shape. Third, there was a sig- > 
- nificant difference in both the echocardiographic and. 


angiographic rate of left ventricular filling between 
Groups IIA and IIB in the first quarter of diastole. 
Limitation of echocardiographic ‘and. angio- 
graphic data concerning change in ventricular 
volume in the abnormally shaped ventricle: The 
difference in rate of ventricular filling between these two 
groups, although significant, might, not appear large 
enough to explain the marked differences in shape of 
the ventricles. Further consideration of the method in 
which these data were generated suggests that this 
difference may be greater than initially apparent. 
Echocardiographic determination of left ventricular 
volume relies on the assumption ‘that both minor axes 
are.equal and that the minor axis equals twice the major 
axis. The change in left ventricular diastolic shape ob- 
served in our study would decrease the septal to free 
wall axis relative to the anteroposterior minor axis of the 
ventricle. Because the echocardiograrn measures the 


septal to free wall or shorter minor axis the echocardi- ` 


ogram will tend to underestimate left ventricular vol- 
ume in initial diastole. At end-diastole when the ven- 
tricle has returned to a relatively normal configuration, 
the two axes will be more equal and the echocardi- 
ographic estimate of left ventriciilar volume more ap- 
propriate. Because we are underéstimating initial dia- 
stolic volume and more dccurately approximating 
end-diastolic volume, the apparent relative change in 
volume should increase in direct relation to the defor- 
mity in left ventricular shape. Therefore the slower rate 
of left ventricular filling that occurs in patients with the 
greatest change in left ventricular shape may be more 
significant than the data suggest. . 


Estimation of rate of left ventricular filling from the 


right anterior oblique ¢ angiogram should be subject to 
the same error but in the opposite direction. The an- 
giogram in this projection will more accurately reflect 


the longer minor axis and hence tend to overestimate ` 


the initial diastolic volume. Because the end-diastolic 
volume will again be appropriately measured, the an- 
_giogram should underestimate the rate of change in 
diastolic volume within the ventricle. Angiographic and 
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echocardiographic methods therefore are both subject 
to error. However, the errors are in the opposite direc- 
tion, with one method tending to overestimate the rate | 


of filling and the other to underestimate it. Despite 


X 


- these ‘differences both methods showed a significant 


decrease in initial diastolic filling rate in patients with 
change in left. ventricular shape. These data therefore 
support the concepts that the change in left ventricular 


~ shape is related to unequal rates of filling of the ven- 


tricles during initial diastole and hence of relative initial - 
diastolic right ventricular volume overload. 

Relation to previous observations concerning 
ventricular shapé in mitral stenosis: Nichol et al.32 
recently described in patients with mitral stenosis a 
similar abnormality of left ventricular shape that they 
compared with the normal systolic configuration of the 
ventricle. They further demonstrated a loose relation 


- between the severity of distortion of left ventricular 
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contour and miean pulmonary arterial pressure. Our 
study indicates that the change in left ventricular shape 
is primarily a diastolic event and relates to relative 
filling rates of the two ventricles. The apparent differ- 
ence in thése observations may be explained by the 
patient groups examined. Nichol et al.32 evaluated only - 
patients with. isolated mitral stenosis. Because both 


. pulmonary arterial préssure and rate of-left ventricular 


filling should roughly correlate with the severity of 
mitral stenosis it is not unexpected that an apparent 
relation between pulmonary arterial pressure and left 
ventricular shape would occur ixi patients with isolated 
mitral stenosis. Our study, which examined the effects 
of lesions in addition to mitral stenosis, suggests that 
rate of left ventricular filling rather than pulmonary 
arterial pressure is a major factor responsible for change 
in left ventricular shape. Further, in patients with iso- 
lated right ventricular pressure loads, such as pulmo- 
nary valve stenosis or noncardiac pulmonary hyper- 
tension, this striking change in left ventricular shape is , 
generally not observed in the absence of right ventric- 
ular failuré. However, there are patients with mitral 
stenosis and increase in both right ventricular pressure 
and volume in whom the change in shape, once estab- ` 
lished in diastole, does not-return completely to normal 
during systole. This suggests that volume may be re- 
sponsible for the initial change in diastolic left ven- 
tricular shape whereas elevated pressure may cause it 
to persist during systole. ; 

Relation to prior hemodynamic and angiographic 
data: Another question concerns the relation of these 
observations on septal motion, left ventricular shape 
and rate of filling to prior hemodynamic and angio- 
graphic data suggesting abnormal left ventricular 
function in patients with mitral stenosis. Several in- 
vestigators®#.4 have noted a reduced cardiac output in 
patients with mitral stenosis. Although mechanical 


- block at the mitral valve orifice is the traditional ex- 


planation for this decrease in output, it is obviously not 
the entire answer because successful mitral commis- 
surotomy frequeritly fails to result in increased cardiac 
output unless therë is a marked increase in mitral valve 
area postoperatively.3°.38 Feigenbaum et al.39 demon- 
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strated an abnormal increase in left ventricular diastolic 
pressure for a given incréase in left ventricular volume 
in patients with mitral stenosis and suggested that this 
| represented reduced ventricular compliance: Taylor et 
_al.4° showed in the experimental model that filling of 
‘one ventricle is dependent upon filling of the opposite 
- ventricle. Hence in their studies “distensibility of the 
left or right ventricle was consistently decreased in 
proportion to filling of the opposite ventricle.” Con- 
versely, if one ventricle were underfilled, the opposite 


ventricle would fill to a greater volume for a given filling. 
` pressure. Mitral stenosis, therefore, by restricting flow - 


_ into the left ventricle, allows initial right ventricular 
_ filling to occur with the left ventricle relatively under- 
. distended. This should allow the right ventricle to fill 
toa relatively greater volume at any given filling pres- 


sure during initial diastole. This inequality in filling 


should produce both a relative and absolute right ven- 


tricular volume overload during the initial portion of | 


diastole. The association of initial right ventricular 
filling with a shift of the interventricular septum inward 
toward the left ventricle and resulting in increase in one 
_ of the right ventricular minor axes is again consistent 
. with an increase in initial right ventricular volume. 
' Subsequent left ventricular filling would then occur 


A 5 wj 4 
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with the right ventricle overdistended. This would cause 

the left ventricle to appear less distensible or compliant 

and would be- consistent with ‘the ‘pressure-volume 

relations previously observed by Feigenbaum et al.39 
. Finally, in many normal subjects there is an initial 


diastolic downward motion of the septum similar to that 


we have described. Because tricuspid - valve opening 
normally precedes mitral valve opening, right ventric- 
ular filling occurs slightly before left ventricular filling. 
The inflowing blood will strike the septum as it curves 
into the right ventricle. This may produce the.small 
leftward motion of the septum reflected in the M mode 
record. 

- Conclusion: Our study demonstrata that ‘he para- 
doxical. diastolic septal motion seen in patients with 
mitral stenosis is due to a change in left ventricular di- 


astolic shape. It also indicates that the change in shape stai 
reflects greater initial diastolic filling of the right ven-, 


tricle producing a rélative right ventricular volume ` 
overload. In addition to clarifying further the mecha- 
nism of septal motion, these observations imply that the 
geometric model used to calculate angiographic and 
echocardiographic volumes may be inaccurate during. 
at least part of the cardiac cycle ina significant percent 


7 of patients with mitral stenosis. 
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The cardiac catheterization records of 20 patients with documented 


hypertrophic subaortic stenosis were analyzed to evaluate the utility of 


` systolic time Intervals in quantitating left ventricular outflow tract ob- 


struction in this disease. The preejection period, ejection time and in- 


-stantaneous peak outflow pressure gradient were measured from si- 


multaneous recordings of the electrocardiogram and left ventricular and 
central aortic pressure signals, and the. preejection period/ejection time 


_(PEP/ET) ratlo was computed. Most patients had a significant spontaneous 
`. or Induced (with isoproterenol or postextrasystollc potentiation) variation’ 
` ‘In peak outflow gradient (range 0 to 186, average 85 mm Hg) with a high 


linear correlation between the peak outflow gradient and the systolic time 
Intervals. For the group, peak outflow gradient correlated best with 
PEP/ET ratio.(r =—0.82, no. = = 183) and less well with preejection period 
(r = —0.62), ejection time (r = 0.56) or thelr rate-corrected values (r 
= —0.71 and r = 0.60, respectively). The PEP/ET ratio for beats recorded 
at the time of cardiac output measurement correlated with Instantaneous. 
mean outflow pressure gradient (r = —0.88, no. = 28, P <0.001) and 
calculated left ventricular outflow orlfice size (r = 0.72, no. = 28, P 


_<0.001), each of which correlated less well with preejection period, 
` ejection time or their rate-corrected values. These findings Indicate that 
_ the systolic time Intervals are importantly affected by the degree of outflow 


obstruction as best exemplified In the relation between the PEP/ET ratio 
and mean outflow pressure gradient. in view of the previously documented 
close correspondence between internally and externally recorded systolic 


| time Intervals, the latter may be useful in the noninvasive assessment of 


outflow obstruction in this disease. 


' The hemodynamic severity of obstruction of the left ventricular outflow 
` tract in hypertrophic subaortic stenosis can be expressed in terms of the 


functional orifice size of the tract or, in the presence of a normal cardiac 
output, the pressure gradierit across it. Such evaluation requires cardiac 


catheterization, an inconvenient, costly and potentially hazardous 


procedure, not suitable for repeated applications in follow-up studies. 


` An alternative noninvasive method would therefore be desirable. 


_Because the presence of obstruction to left ventricular outflow and - 
the accelerated rate of rise of left ventricular pressure in hypertrophic 
subaortic stenosis are expected, respectively, to prolong ejection time 
and abbreviate isovolumic contraction time, these systolic time intervals 
or their ratio, or both, represent a potential noninvasive method for as- 


` sessing the severity of outflow obstruction in this disease. Although. 
.several investigators! found a prolonged ejection time in hypertrophic 


subaortic stenosis; data concerning the correlation between ejection time _ 
and the peak outflow gradient are not consistent. Thus, Wigle et al.l- 
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TABLE | 


TIME INTERVALS IN SUBAORTIC STENOSIS—-STEFADOUROS ET AL. 


Clinical and Hemodynamic Data on 20 Patients With Hypertrophic Subaortic Stenosis 











Age (yr) Systolic Time Intervals (msec LVOTG LVOTO 
Case no. & Sex State HR c ETc PEP/ET (mm Hg) (cm?) Treatment 
1 46M R 96 118 149 260 329 0.454 18 1.6 None 
; Į 122 76 108 235 335 0.323 55 0.9 
27 48M R 86 112 118 312 328 =~. 0.359 15 1.3 None 
I 98 79 101 310 383 0.255 94 0.6 
3 27M R 73 112 123 264 291 0.424 ` 9 2.0 None 
l 122 86 > 122 200 285 0.430 32 2.4 
4 37M R 80 103 103 387 387 0.266 50 1.5 None 
l 77 91 103 356 403 0.256 89 1.3 . 
5* 32M R 86 107 129 265 320 0.404 12 2.8 None 
; I 109 83 110 232 306 0.358 26 2.1 i 
8 , 30F R 80 99 115 275 321 0.360 70 1.0 None 
7 45M R 73 142 150 300 315 0.473 11 1.6 None 
8 50F R 91 91 111 289 352 0.315 46 1.3 None 
9 42M R 70 132 142 286 308 0.462 11 2.2 None 
10 32M R 73 123 137 272 301 0.452 0 3.0 None 
11") 47M R 57 107 104 351 342 0.305 62 0.6 None 
l 80 91 108 313 381 0.291 84 0.7 
12* 50F R 96 103 130 288 364 0.358 33 0.8 None 
13t 88F R 67 138 146 308 328 0.448 0 3.0 None 
14° 46M R 97 92 118 270 +346 0.341 45 0.7 None 
15 53F R 74 100 111 320 356 0.313 56 0.6 None 
16 14M R 63 112 115 295 302 0.380 10 2.4 Propranolol, 120 mg/ 
l 82 86 100 312 361 0.275 91 0.5 day i 
17* 36M R 71 120 130 284 308 0.423 0 3.0 Propranolol, 80 mg/ 
l 82 91 106 316 370 0.288 88 0.6 day 
18 34M R 63 110 111 277 283 0.397 30 1.8 Propranolol, 40 mg/ 
; y 
19° 29M R 61 144 144 367 369 0.392 45 0.7 Propranolol, 80 mg/ 
day 
20 43M R 107 104 139 239 319 0.435 0 3.0 Propranolol, 80 mg/ 


* Mild mitral regurgitation. 
t Mild aortic regurgitation. 


day 


ET and ETc = uncorrected and corrected ejection time, respectively; HR = heart rate (beats/min); | = during Isoproterenol infusion; LVOTG 


and LVOTO = left ventricular mean outflow 


ure lent and orifice size, respectively; PEP and PEPc = uncorrected and corrected preejection 


press 
perlod, respectively; PEP/ET = preejection period/ejection time ratio; R = at rest. 


found a direct relation between the rate-corrected 
ejection time and the instantaneous gradient when these 
variables were measured from simultaneous recordings 
of left ventricular and aortic pressure pulses. In contrast, 
other groups found no relation between rate-corrected 
ejection time and the gradient? or between left ven- 
tricular isovolumic contraction time or its ratio 
to ejection time, and the gradient.4 However, in the 
latter studies?~* the systolic time intervals were com- 
pared with nonsimultaneous pressure gradients, an 
important consideration in view of the striking vari- 
ability in the degree of obstruction in this disease.” 

In this retrospective study we examined the value of 
systolic time intervals in assessing the severity of out- 
flow obstruction in hypertrophic subaortic stenosis by 
comparing them with the peak and the mean pressure 
gradient across the outflow tract of the left ventricle and 
with its functional orifice. 


Material and Methods 


Patients: We examined the cardiac catheterization records 
of all patients studied during the past 8 years in our institution 
who were found to have hypertrophic subaortic stenosis. Pa- 
tients were included in the study if the following criteria were 
met: 

(1) Presence of normal sinus rhythm or sinus tachycardia. 


(2) Presence of tracing segments in which the electrocardio- 
gram and left ventricular and aortic pressure signals were si- 
multaneously recorded at a paper speed of at least 50 mm/sec. 


. (8) Absence of other congenital or acquired cardiac lesions 


except for mild mitral or aortic regurgitation (regurgitant 

fraction less than 20 percent of total flow). (4) Absence of 
atrioventricular (A-V) or intraventricular conduction ab- 

normalities except for first degree A-V block or right bundle 

branch block, or both, because these have no known effect on 

the systolic time intervals. (5) Absence of left ventricular 

failure as evidenced by an ejection fraction (measured with: 
angiography) exceeding 0.50. Of the 32 patients initially ex- 

amined, 20 met these criteria and farmed the study population 

(Table I). 

The diagnosis of hypertrophic subaortic stenosis was made 
from the left ventricular cineangiogram using standard cri- 
teria; it was supported by the existence of a significant (more 
than 30 mm Hg) resting systolic left ventricular-aortic (out- 
flow) pressure gradient with the characteristic configuration 
of the aortic pressure curve*® or the development of such a 
gradient in response to infusion of isoproterenol,”’~9 the 
Valsalva maneuver,?-!! inhalation of amyl nitrite!3-12.13 oy 
postextrasystolic potentiation after spontaneous or induced 
premature beats.!4 Patient 10 had no gradient at rest; during 
infusion of isoproterenol he had a gradient of 50 mm Hg but 
the systolic time intervals could not be measured because the 
aortic pressure signal was distorted. Therefore, all 20 patients 
had significant resting or provocable outflow obstruction in 
addition to the angiocardiographic criteria for the disease. 
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- FIGURE 1. Measurement of preejection pertod (PEP), ejection time (ET) 
and peak left ventricular outflow pressure gradient (G) from simulta- 
neous recordings of the electrocardlogram (ECG) and pressure signals 
from the body of the left ventricle (LV) and the aorta (Ao). Left, the onset 
of the aortic upstroke Is abrupt and used to define the onset of the 
ejection time. Right, the onset of the aortic upstroke Is slow and 
rounded; the beginning of ejection time Is defined by the point (0) of 
separation of the aortlc upstroke and the line (a-b) tangent to It. Q = 
onset of QRS complex. For reasons of clarity, a signal for rate of rise 
of left ventricular pressure (dP/dt) was removed from the left panel and 
a right atrial pressure signal from the right panel; the left ventricular 
pressure signals were retouched. 


Cardiac catheterization: Cardiac catheterization was 
carried out under premedication with meperidine, 50 mg, and 
secobarbital, 50 mg, both administered intramuscularly 30 
minutes before catheterization. A National Institutes of 
Health no. 6 or 7 arterial catheter was introduced into the left 
ventricle retrograde through the right brachial artery, and a 
polyethylene (PE 160) catheter was inserted with the Sel- 
dinger technique into the left brachial artery and advanced 
into the aorta; simultaneous recording of pressure signals from 


these two catheters permitted measurement of the systolic ` 


- time intervals and the instantaneous pressure gradient across 
the left ventricular outflow tract. Cardiac output was mea- 
sured with the Fick method in 12 patients, the dye-dilution 


method in 6, both methods in 1 and angiography in 1. When - 


it was measured with the dye-dilution technique indocyanine 
_ green was infused continuously into the left ventricle and 


sampled distally through the polyethylene arterial catheter. | 


The “functional” orifice size of the left ventricular outflow 
tract was calculated at rest, and, in eight patients, also during 
intravenous isoproterenol infusion, using the formula for 

` aortic valve area of Gorlin and Gorlin!5 taking the respective 
values for cardiac output and mean outflow pressure gradient 
measured for the five beats immediately preceding the cardiac 
output determination. The mean outflow gradient was de- 
termined by planimetric integration of the systolic area en- 
closed between the left ventricular and the aortic pressure 
curve. In the absence of a measurable outflow pressure gra- 
dient the normal aortic valve area of 3 cm? was used as the 
outflow tract orifice size. Whenever used, isoproterenol was 
infused intravenously at the rate of 2.4 g/min. At the end of 
cardiac catheterization, cineangiography was carried out by 
injecting 50 ce of Hypaque® 76 into the left ventricle and 
filming in the right anterior oblique projection. 

Analysis of tracings: Figure 1 illustrates the measure- 
ments made for each beat. The vertical distance (in mm Hg) 
between the peaks of the equisensitivé left ventricular and 
aortic pressure curves was considered the “peak outflow 
pressure gradient.” Preejection period was the time interval 
between the onset of the QRS complex in the electrocardio- 
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gram and the point where the left ventricular pressure crossed 
over the aortic pressure signal (Fig. 1). Left ventricular ejec- 
tion time was measured from the onset of the rapid upstroke 
to the nadir of the dicrotic notch of the aortic pressure signal. 
Whenever the upstroke included an initial slow component 
with gradual transition to the rapid component, the onset of 
ejection was taken at the point where a straight line drawn 
tangent to the aortic upstroke separated from the latter (Fig: 
1). Measurements of these intervals were made to the nearest 
0.5 mm, which was equivalent to 2.5, 3.3, 5.0, 6.7 and 10 msec 
for a paper speed of 60, 75, 100, 150, and 200 mm/sec, re- 
spectively. Beats whose pressure wave configuration left 
doubts as to onset and termination of these time intervals were 
excluded. Rate-corrected values were obtained using the 
Bazett formula, by dividing the preejection period (PEP) and 
the ejection time (ET) by the square root of the preceding R-R 
interval. This correction was not necessary for their ratio 
(PEP/ET). 

Systolic time intervals and the instantaneous peak outflow 
pressure gradient were measured for the following three 


„kinds of beats: 


1. Control beats: These were normal sinus beats recorded ` 
in the control resting state before any pharmacologic inter- 
vention and grouped according to their peak outflow gradient; 
thus, for each gradient range (0 to 10, 11 to 20, 21 to 30 mm Hg, 


‘and so forth), up to five (not necessarily consecutive) beats 


were grouped, preference given to those recorded at higher 
paper speed. Additional beats in the same gradient range were 


_ ignored. Frequently, fewer than five beats in a particular 


gradient range were available. Therefore, values for systolic 
time intervals and peak outflow gradient for each gradient 
range were the average values from one to'five beats forming 
the group. 

2. Isoproterenol beats: These were normal sinus beats re- 


corded during isoproterenol infusion. Their analysis and 


grouping according to gradient followed the same principles : 
described for control beats. 

<3. Postpremature beats: Each of these beats was the first 
sinus beat following a premature beat. The premature beat 
itself, whether of ventricular or supraventricular origin, was 
not analyzed. To exclude beats occurring too soon after a 
premature one (thus being premature themselves), only-beats 
following a compensatory pause equal to or longer than the 
R-R interval between the two sinus beats preceding the pre- 
mature beat were included. All eligible postpremature beats 
underwent the same type of analysis and grouping used for 
the control or isoproterenol beats, with the notable exception 
that no correction for rate was applied to the preejection pe- 
riod or the ejection time of postpremature beats. 

Statistical analysis of the results was made on a pro- 
grammable calculator. The least square method for linear 
regression analysis was used to calculate the correlation 
coefficient (r) relating the systolic time intervals (and their 
rate-corrected values) to the instantaneous peak outflow 
gradient, mean outflow gradient and the outflow orifice size. 
This analysis was made separately for each of the three kinds 
of beats and also for all beats pooled together for each patient 
and for the whole group. 


Results 
Systolic time intervals versus mean outflow 
pressure gradient: Systolic time intervals and the 
mean outflow pressure gradient were measured at the 
time of cardiac output determination in all 20.patients 


- at rest and in 8 patients during isoproterenol infusion. 


For these 28 data points, the relation between systolic 
time intervals and the mean outflow gradient was direct 
in the case of ejection time (r = 0.42, P <0.05) and in- 
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Linear Correlation Coefficient (r) Relating Systolic Time Intervals to Instantaneous Mean Left Ventricular Outflow Gradient 
and Functional Orifice Size In 20 Patlents With Hypertrophic Subaortic Stenosis 


Mean LVOT Pressure Gradient x Functional LVOT Orifice 
tients an 0 atients 1 to 16 Patients 16 to 
(No Trestment) {Propranolol} All Patients (No Treatment) (Propranolol) All Patients 
(no. = 21) (no. = 7) (no. = 28) (no. = 21) (no. = 7) (no. = 28) 
PEP —0.70°* —0.49 ~ —0.63** 0.50t 0.17 0.40 
PEPc ~0.81°* —0.62 . —0.75** 0.60° 0.42 0.54¢ 
0.38 0.56 0.42t —0.35 -0.77 —0.44t 
ETc 0.73** - 0.76 0.73** —0.61t —0.78t e —0,66** 
PEP/ET —0.87** —0,94+ —0.88"* 0.71** 0.81t 0.72°* 


t P <0.06; t P <0.01; * P <0.005; ** P <0.001. All unmarked r values are easel f Uai 
n 


LVOT = left ventricular outflow tract; no. = number of studies. Other abbreviatlons as 
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FIQURE 2. Relation between Internally recorded preejection perlod/ 
ejection time ratio (PEP/ET) and the mean left ventricular (LV) outflow 
pressure gradient at rest and during Isoproterenol infusion. SEE = 
standard error of the estimate. 


verse in the case of preejection period (r = —0.63, P 
<0.001). Use of rate-correlated values for preejection 
period (PEP) and ejection time (ET) improved their 
relation to mean outflow gradient to r = 0.73 andr = 
—0.75, respectively (Tables I and II). The best correla- 
tion found was that of PEP/ET versus mean outflow 
gradient. This relation yielded a correlation coefficient 
ofr = —0.88 (P <0.001) for the 21 data points from the 
15 untreated patients. When the five patients receiving 
propranolol (Cases 16 to 20, Table I) were added, the 
relation between PEP/ET and mean outflow gradient 
in the whole group of 20 patients could be expressed as 
a linear regression equation of the form*: Mean outflow 
gradient = 185-399 (PEP/ET), with r = —0.88, P 
<0.001 and standard error of estimate = 15 mm Hg 
(Table I, Fig. 2). 

Systolic time intervals versus outflow orifice size: 
For the 28 determinations of outflow orifice size both 
at rest and during isoproterenol infusion, the orifice size 
was found to relate directly to preejection period (r = 
0.40, P <0.05) and inversely to ejection time (r = —0.44, 
P <0.02) (Table II). Use of rate-corrected values for 


* After: correction of measurements for mechanical catheter 
transmission delay this equation is transformed into: Mean outflow 
gradient = 175 — 413 (PEP/ET) with r = —0.88, P <0.001, standard 
error of estimate = 15 mm Hg. See Discussion for detalis. 
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FIGURE 3. Relation between Internally recorded preejection perlod/ 
ejection time ratio (PEP/ET) and simultaneous calculated left ventricular 
(LV) outflow orifice size at rest and during Isoproterenol (Isopr) infu- 
sion. ` 


these intervals improved their relation to outflow orifice 
size tor = 0.54 (P <0.005) and r = —0.66 (P <0.001), 
respectively (Table II). As in the case of mean outflow 
gradient, the PEP/ET ratio exhibited the best corre- 
lation with the outflow orifice size. Thus in the 15 un- 
treated patients PEP/ET and outflow orifice size had 
a correlation coefficient of r = 0.71 (P <0.001) that rose 
tor = 0.72 after the 5 patients receiving propranolol 
(Cases 16 to 20, Table I) were included (Table II, Fig. 
3). 

Systolic time intervals versus peak outflow 
pressure gradient: A total of 651 individual beats from 
all patients were analyzed and yielded 183 data points 
relating the systolic time intervals to the peak outflow 
gradient, each data point being the average of 1 to 5 
(mean 3.5) beats (Table III). In most patients a high 
linear relation between systolic time intervals and peak 
outflow gradient was present. The relation between 
gradient and ejection time was direct in all but three 
patients, whereas the relation between gradient and 
either the preejection period or the PEP/ET ratio was 
inverse in all patiénts. When all 183 data points from 
all patients were pooled together, these relations to peak 
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TABLE Ili 





Linear Correlation Coefficient (r) Relating Systollc Time Intervals to Peak Left Ventricular Outflow Pressure Gradient In 20 
Patients With Hypertrophic Subaortic Stenosis 











Systolic Time Intervals msec) 


PEP 








Case no. ETc PEP/ET n n’ 
1 —0.99 —0.98 —0.94 0.92 —0.99 7 7 
2 —0.96 —0.94 0.16* 0.86 —0.90 14 i1. 
3 —0.88* —0.80° .—0.87* —0.35" —0.21* 4 3 
4 —0.74 0.47* —0.64 0.54* —0.07* 11 11 
5 —0.86 —0.98 0.33* —0.97 —0.89 ` 7 4 
6 —0.87 —-0.69 0.93 —0.37 * —0.94 13 9 
7° —0.91° —0.90* 0.99 —0.07* —0.93* 4 4 
8 —0.85 —0.59 0.95 0.92 —0.92 22 13 
9 —0.82 —0.68* 0.99 0.94" —0.96 7 4 

10 aa oie wigs oon oe 1 0 
11 —0.78 —0.73 0.47 0.61 —0.87 23 14 
12 —0.88 —0.78* 0.72* 0.77* —0.87* 5 5 
13 —0.85 —0.87 0.84 0.71 —0.97 23 12 
14 —0.99° REF 0.96* are —0.99* 3 2 
15 —0.95 ae 0.99 Pe —0.98 4 2 
16 —0.93 —0.70 0.91 0.87 —>0.94 11 10 
17 —0.87 —0.98 0.72 0.99 —0.86 9 5 
18 —0.64* —0.65* 0.32* —0.57° —0.62* 7. 5 
19 —0.96* —0.97* 0.96* 0.81" —0.97* 3 3 
20 —0.76* —0.75°* 0.99 0.98 —0.92 5 '5 











n = number of data points relating the peak outflow gradient to PEP, ET and PEP/ET In each patlent; n’ = number of points relating the peak outflow 


gradient to PEPc and ETc; the difference n-n’ represents the 


postpremature beats for which no correction for heart rate was applied. Other abbreviations 


as In Table |. r values without an asterisk are statistically significant at P <0.05 or less; values with an asterisk are statlstically insignificant (P 


<0.05). 


outflow gradient were still present but less strong (r = 
—0.70, r = 0.56 and r = —0.83 for preejection period, 
ejection time and PEP/ET ratio, respectively, P 
<0.001). The relation between PEP/ET and the peak 
outflow gradient for the whole group is graphically de- 
picted in Figure 4. Use of rate-corrected values for 
preejection period and ejection time improved their 
relation to peak outflow gradient to r = —0.71 andr = 
0.60, respectively. The presence and nature of treatment 
had no significant effect on, the relation between the 
PEP/ET ratio and the peak outflow gradient. Thus, the: 
correlation coefficient between these two variables in. 
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FIGURE 4. Relation between the Internal preejection period/ejection 
time ratlo (PEP/ET) and the simultaneous peak left ventricular (LV) 
outflow pressure gradient. For definition of “control, “Isoproterenol” 
(Isopr) and “‘postpremature”’ beats see Methods. 


the whole group (r = —0.83) was not significantly dif- 
ferent from that observed in the subgroups of 15 pa- 
tients who were receiving no treatment (Cases 1 to 15, 

= —0.84), and the 5 patients who were receiving pro- 
pranolol (Cases 16 to 20, r = —0.82) (Tables I and 
IV). 


Discussion 


. The clinical manifestations of hypertrophic subaortic 
stenosis,” supported by the findings from the echocar- 
diogram,!*!9 electrocardiogram,?° phonocardiogram,”! 
indirect carotid pulse tracing’?! and apex cardio- 
gram,®*1,22 provide the means for establishing the di- 
agnosis of this disease in the majority of patients. When 
these techniques are combined with the use of certain 
pharmacologic or other interventions known either to 
intensify!-3,7-13,23-26 or to diminish!27.24-27 the left 
ventricular outflow tract obstruction, the number of 
patients whose diagnosis is still in doubt becomes very 
small. Nevertheless, cardiac catheterization and angi- 
ography are currently performed in most patients ' 
diagnosed as having this disease with clinical or non- 
invasive methods, because of the need for exclusion of 
coexisting lesions and assessment of the severity of the 
disease before decisions concerning the nature and ex- 
tent of treatment are made. However, cardiac cathe- 
terization is an inappropriate procedure for serial fol- 
low-up evaluation of either the results of treatment or 
the natural progress of the disease. 

Applicability of systolic time intervals for mea- 
surement of peak outflow pressure gradient: Several 
attempts to utilize noninvasively obtainable variables 
for determining the severity of outflow obstruction in 
hypertrophic subaortic stenosis have met with varying 
results. Thus, the echocardiogram of the mitral valve ` 
has been reported to permit successful semiquantita- 
tive! and quantitative!” assessment of outflow ob- 
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TABLE IV 


TIME INTERVALS IN SUBAORTIC STENOSIS—-STEFADOUROS ET AL. 


Linear Correlation Coefficient (r) Relating Systolic Time Intervals to Peak Left Ventricular Outflow Pressure in 20 Patients 


With Hypertrophic Subaortic Stenosis 





PEP PEPc 
Patlents 1 to 15 —0.73 —0.79 
(no treatment) : 
Patients 16 to 20 —0.55 —0.41* 
(propranolol) ` - 
All patients —0.70 —0.7 1 


ET 
0.56 


0.75 
0.56 











ETc PEP/ET n n 

0.57 —0.84 148 101 
0.72 —0.82 35 28 
0.60 —0.83 183 129 





r values without an asterisk are statistically significant at P <0.001; value with an asterisk is significant at P <0.05, Abbreviations as In Table 
l. = i s 


struction in this disease. Ejection time has also been 
investigated. When measured from external pulse re- 
cordings, the rate-corrected ejection time although 
prolonged in comparison with that of normal subjects 
showed no relation to the peak outflow pressure gradi- 
ent in several reported series of patients?—4; however, 
such a relation was present when it was measured from 
intraaortic pressure recordings in our series and those 
of others. +28* This discrepancy cannot be ascribed to 
differences in method of obtaining ejection time because 
a close correspondence between internally and exter- 
nally measured systolic time intervals has been docu- 
‘mented.?9.30 Given the known spontaneous variability 
in outflow obstruction in hypertrophic subaortic ste- 
nosis,” the discrepancy can best be explained by the use 
of nonsimultaneous (as opposed to simultaneous) values 
for ejection time and outflow gradient in the former 
studies.?4 This difference may also explain the lack of 
relation between the peak outflow gradient and either 
isovolumic contraction time or its ratio to ejection time 
in the patients studied by Ibrahim et al.4 although a 
reasonably close correlation between this gradient and 
either preejection period or its ratio to ejection time was 
present in our series. The use by Ibrahim et al.4 of iso- 


volumic contraction time, as opposed to our use of 


preejection period, cannot account for this discrepancy 
because changes in the duration of preejection period 
in response to varying preload, afterload, inotropic state 
of the heart or combinations thereof reflect directionally 
similar changes in its second component (the isovolumic 
contraction time), the first component (electromecha- 
nical delay) being unaffected by these factors.®° 

In our study, ejection time related directly to the peak 
or mean outflow pressure gradient and inversely to the 
outflow tract orifice size. Similarly, but in an opposite 
direction; in most patients good relations were also 
found between either preejection period or PEP/ET and 
the peak and mean outflow gradient (inverse relation) 
and the outflow orifice size (direct relation). As a rule 
the PEP/ET ratio provided better correlations with the 
three indexes of obstruction than either preejection 
period or ejection time, and this was true even after 
correction of these intervals for rate. 

Mechanical transmission delay through fluid-filled 
catheters of the type used in our study (10 + 2 msec = 


* A value of r = 0.55 was calculated by us using 24 data points from 
the 12 patlents listed In Table Il in Reference 28, after correction of 
ejection time for heart rate (Bazett formula). 
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mean + standard deviation for our laboratory) was not 
subtracted from our measurements of systolic time in- 
tervals. From Figure 1 it is obvious that this would not 
affect the measurements of ejection time but would 
result in a small prolongation in the preejection period 
and a proportional increase in the PEP/ET ratio. Cor- 
rection for this transmission delay had no effect on the 
correlation coefficient (r) values relating the systolic 
time intervals to the three indexes of outflow obstruc- 
tion, with the exception of a trivial change (from r = 0.72 
tor = 0.71) observed in the relation between PEP/ET 
and outflow tract orifice size. 

Effect of provocative procedures on systolic time 
intervals: In normal subjects, the effect of isoproterenol 
infusion on preejection period (34 percent shortening?!) 
and ejection time (20 percent shortening®*) suggests a 
decrease in the PEP/ET ratio in response to this in- 
tervention. A decrease in PEP/ET ratio has also been 
noted in normal hearts as a result of postextrasystolic 
potentiation. Therefore, isoproterenol and postex- 
trasystolic potentiation acting on the nonfailing unob- 
structed heart abbreviate the preejection period and, 
to a lesser extent, the ejection time, thus decreasing the 
PEP/ET ratio. In addition to this direct action on 
PEP/ET, digitalis, isoproterenol and postextrasystolic 
potentiation intensify (or provoke the development of) 
obstruction in hypertrophic subaortic stenosis, thereby 
prolonging the ejection time and providing a separate 
indirect way of reducing the PEP/ET ratio. Similarly, 
but in an opposite direction, propranolol slightly 
prolongs the preejection period?! and abbreviates the 
ejection time,®? thus resulting in an increase in PEP/ET 
ratio in normal hearts; and a similar effect is expected 
in hypertrophic subaortic stenosis from the abbreviation 
of ejection time upon relief of the obstruction with use 
of this drug. Propranolol and isoproterenol may also 


affect the systolic time intervals by their known effect 


on heart rate; however, this effect can be ignored when 
the rate-independent PEP/ET ratio is used. Therefore, 
it is legitimate to include control beats, isoproterenol 
beats and postpremature beats from patients with and 
without propranolol therapy in comparing PEP/ET and 
any of the three outflow obstruction indexes because the 
direct effects of any of these inotropic factors are di- 
rectionally concordant with their indirect action on 
PEP/ET effected by modifying the degree of obstruc- 
tion. f 

Clinical implications: The relation between PEP/ 
ET and the mean outflow pressure gradient docu- 
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mented in our study effectively reflects the degree of 
obstruction.at a given moment and thus may convey 
useful information concerning the severity of the disease 
in the untreated patient under basal conditions. How- 
ever, in the case of patients beirig treated, the mean’ 
outflow pressure gradient, or any other index of ob- 
struction, reflects the natural severity of the disease as 
modified by the treatment and this is true whether the 
gradient is calculated indirectly from its relation to 
PEP/ET or directly measured at catheterization. Thus, 
the type of treatment should be considered before 
conclusions on the intrinsic severity of the disease are 
drawn from index of obstruction calculated on the basis 
.of their relation to the PEP/ET ratio. 


In conclusion, our study has demonstrated that the 
internally measured systolic time intervals are related 
to the severity of outflow obstruction in hypertrophic 
subaortic stenosis, as best exemplified in the relation 
between PEP/ET ratio and the mean outflow pressure . 
gradient. The éxcellent correlation between internal and 
external systolic time intervals?®30 indicates the po- 
tential clinical usefulness of these findings in the non- 
invasive assessment of left ventricular outflow ob- 
struction in this disease. 
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‘In most electrocardiographic studies of left ventricular hypertrophy the 


hypertrophy has had different causes. This study examined the perfor- 
mance of the Frank orthogonal electrocardiogram in 257 patients with 
aortic valve disease, 90 with predominant aortic stenosis and the re- 
maining: 167 with predominant aortic insufficiency. Optimal measurements 
suggested for routine electrocardiographic diagnosis of left ventricular 
overload resulted in recognition of 64 percent of cases of aortic stenosis 


_ and 74 percent of cases of aortic Insufficlency with a6 percent false 


positive rate. Multivariate analysis techniques Improved performance: 
82 percent of the aortic stenosis records and 78 percent of the aortic in- 
sufficiency records were correctly recognized as showing left ventricular 
overload; the false positive rate was 5 percent. 

Although many electrocardlographic measurements were significantly 
correlated with the aortic valve gradient, correlations were not high 
enough for use In predicting the severtty of the aortic stenosis. Comparison 
of electrocardiographic varlables in aortic stenosis and aortic insufflclency 
demonstrated-a wide overlap between groups, and the electrocardlo- 
graphic changes of aortic stenosis could not be differentiated from those 
of aortic: insufficiency. 


Aortic valve disease leads to left ventricular hypertrophy by increasing 
` left ventricular work. Because different anatomic patterns of left ven- 


tricular hypertrophy are recognized in aortic stenosis and aortic insuf- 
ficiency, we use the more general term left ventricular overload in this 
communication. 

Many studies have dealt with the EE OR E sbnormaltits 
that may detect left ventricular overload. Most electrocardiographic 
criteria were empirically selected and then tested for their predictive 
ability. Most of those proposed for detection of teft ventricular overload 
have been summarized by Romhilt et al.,! and the most efficient mea- 
surements were combined as a point score system by Romhilt and 
Estes. 

In most clinical or autopsy studies of left ventricular overload in which 
a significant number of patients were analyzed, the overload was of di- 


` verse etiology. No large series of adults has been available to demonstrate 
electrocardiographic sensitivity and specificity in both aortic:stenosis’ 


and aortic insufficiency or to allow systematic review of many mea- 


surements to select those performing best in aortic valve disease. 


Cabrera and Monroy’ first proposed that the electrocardiogram re- 


flected characteristic changes depending on'the dominant type of he- 
‘modynamic overloading. They noted persistence of anterior forces in 


volume overloading and diminution or loss of anterior forces in pressure 
overloading of the left ventricle. Experience with these postulates in 
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, TABLE] oo aes 
- Patient Composition of the Three Groups: Normal, Aortic 
- Stenosis and Aortic insufficiency 








: ~ Aortic s ` Aortic 
Normal Stenosis ` Insufficiency 
(%) (%) ‘(%) 
` _ Age group (yr) i 
10-19 7 : 7 
20-29 15. 16 15 
30-39 7 34 32 33 
40-49 , 30 7 27 23 
50-59 ti ~o 16 13 
60-69 6 2 9 
270 4 
Race 
White 64° 97 52 
Black 36 3 48 





` aortic valve disease has indicated only a trend toward 
‘specific electtocardiographic patterns of left ventricular 
overload, and the concept has failed to gain general 
acceptance because of the wide overlap experienced in 
previous studies,4® Electrocardiographic findings have 
also been used as.a guide to the severity of aortic ste- 
“nosis. Although Hugenholtz and Gamboa’ reported 
excéllent correlation of QRS voltages with the severity 
of aortic stenosis in children, the degree of correlation 
has varied widely in other studies: 8,9 


Our report examines the Frank orthogonal electro- 


cardiograms of 257 patients with isolated aortic valve 
disease. More than 300-measurements are reviewed to 

` select the best criteria for routine use in recognition of 
left ventricular overload in aortic valve disease. Elec- 
trocardiographic recognition of left ventricular overload 

. is examined in terms of sensitivity and specificity, and 
‘multivariate analysis is tested for improvement of 
electrocardiographic ‘criteria. Electrocardiographic 
performance i in differentiation of the predominant le- 
sion, as aortic stenosis or aortic insufficiency, and ‘in 

. prediction of the gradient in aortic stenosis is also 
evaluated. ` 


TASA Materlals and Methods 
Elećtrocàrdiograrns were selected from a large library of 


taped records obtained during a cooperative study conducted ` © 


at eight Veterans Administration hospitals. Orthogonal 
. electrocardiograms were recorded on magnetic tape using the 
Frank! corrected lead system. Details of the recording tech- 


_ nique, analog to digital conversion and computer analysis. have. _ 


‘ previously been reported.!! Tracings were processed by.a 
_ Control Data Corporation’ 3200 a aa 


l Casë Material 


Cases were selected. on the basis of uniform spatecels re- 
quiring clinically pure aortic valve disease. Of 562 patients 
` with isolated aortic valve-disease, 257 with either predominant 
aortic stenosis or predominant aortic insufficiency were se- 
lected for the study. Most of these patients (167) were evalu- 

ated with cardiac catheterization. 
"` Aortic stenosis: Left heart cathetérization data and mea- 
‘surements of the aortic valve pressure gradient were available 
` for all 90 patients with predominant aortic stenosis. In these 
90 patients, the systolic gradient was 60 mm Hg or greater in 
- 64. It was 40 to 59 mm Hg in 16, and only 30 to 39 mm Hg in 
10. Three of the latter had a low’ cardiac output; ue piner 
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seven, with a pressure gradient.of less than 40 mm Hg, were 
the only patients with a normal cardiac output. The 10 pa- 
tients with a gradient of less than 40 mm Hg had no aortic - 
regurgitation on angiography and no diastolic murmur of more 


. than grade 1/6 intensity. 


Aortic regurgitation: Of the 167 patients with predomi- 
nant aortic insufficiency, 77 had angiograms. These revealed 


- regurgitation (on a scale of 0 to 4+) as follows: 4+ in 30' pa- ° 


tients, 3 to 4+, in 2 patients; 2+ in 20 patients and 1+-in 11 l 
patients. Of the 90 patients without angiograms, 74 had a di- 


‘astolic murmur of 3/6 intensity or greater, pulse pressure equal 


to or greater than 80 mm Hg and moderate to marked car- 
diomegaly. Regarding the degree of aortic stenosis in the 167 
patients with aortic insufficiency, 72 had an aortic pressure 
gradient of 0 to 9 and 5 a gradient of 10 to | 19 mm Hg, the latter 
with severe regurgitation. Of the remaining patients without 
available gradient measurements, 19 had syphilis, 10 had an 


` aortic root aneurysm, 22 had no aystoli¢ murmur, 25 had a low’ 


intensity systolic murmur with no neck transmission and 14 
had a systolic‘murmur with mild neck transmission that was ` 
thought to be-insignificant compared witli the degree of aortic 
regurgitation. 

Patients were excluded if they had a history of angina or 
coronary. arteriographic abnormalities (when these studies, 
were available). Electrocardiograms with a QRS prolongation 
of 0.122 second of more, indicating ventricular conduction 


defects, were also excluded. 


Control subjects: Records of 596 normal subjects were 
‘available for comparison.!213 The age composition of the three 
groups (normal, aortic stenosis and aortic insufficiency) was 
similar except for a few patients aged 10to 19 included among 
those with aortic disease and a smaller number of blacks with 
such disease (‘Table.I). The young patients were obtained from: 
the Veterans Administration Hospital in Birmingham, Ala- ` 
bama, where some recording facilities are shared with the. . 
Unipa of Alabama Medical School. . 4 


. Diagnostic Electrocardlographic Criteria 


Two sets of diagnostic criteria were chosen for recognition 
of left ventricular overload.-First, relatively simple measure- 
ments that can be conveniently obtained by hand from a 
standard orthogonal electrocardiogram were tested. Practi- 
cally all scalar and vector measurements were evaluated in the 


‘following manner: Measurements obtained from both groups , 


of patients with aortic valve disease (aortic stenosis and in- `. 
sufficiency) were ranked according to the percent of cases that 


_ exceeded 96 percentile ranges of normal. These’ measurements 


were then tested in sequence to obtain cumulative rates for 
sensitivity and specificity. In this procedure, criteria are 
eliminated that do not increase sensitivity and that are re- 
dundant. The cumulative specificity rate was kept at a level 
of 93 percent or more. . - 

A second group of criteria, regardless of fheir complexity 
in terms of manual measurement, were selected for computer . 
classification. They are used in combination for multivariate 
analysis. Separate sets of multivariate criteria.were developed 


and tested for recognition of left ventricular overload im aortic. .. - 


stenosis and insufficiency. Criteria previously derived for left + 


_ventricular overload in hypertensive cardiovascular disease ' 


were also-tested in both aortic stenosis and aortic insuffi- 
ciency.!4 f 


Statistical. Analysis . 
The details of the statistical techniques ‘ised have pre- 


viously been reported.15.16 Basically, for a two group com- 
` parison, the input data consist of the values of the selected: 





FIGURE 1. The mean configuration of time-normal- 
ized orthogonal scalar leads X, Y and Z and vector- 
cardlographlc planar displays from normal subjects 
and patients with aortic stenosis (AS). F = frontal; S 


= left sagittal; T = transverse or horizontal plane. F- 


variables from each record. The procedure assigns optimal 
weights to each measurement to maximize correct classifica- 
tion of the rećords. Subseqùently, all measurements from an 
individual record are considered simultaneously, and the sum 
of the products of the individual measurements and their 
weights form a “measurement” vector for that record. Mean 
vectors are. computed for the diagnostic groups—in this in- 
stance, aortic stenosis, aortic insufficiency and normal. Un- 
known records are then classified by a likelihood ratio com- 
puted from the vector differences between the unknown rec- 
ord and the group means. The smaller the veċtor differences 


between a record and a group mean, the greater is the- likeli- - 


hood that the record belongs to the group. 

Careful attention was directed to aspects known to be im- 
portant in this type of analysis. The number of measurements 
selected was limited because the use of too many variables 
leads to overly optimistic results that cannot be repeatéd on 
future tests, Cornfield16 has reported that this number should 
not exceed 1/20th the number of patients for a two group 
comparison. The number of ST- T variables used was limited 
to improve specificity. 

Similar procedures were used in attempts to differentiate 
between the electrocardiograms of patients with aortic ste- 
nosis and those with aortic insufficiency. Ninety-six percentile 
- ranges were computed for all measurements of both groups, 
_ and the number of cases in one group outside the 96 percentile 


range of the other group was determined for each measure- | 
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ment. Multivariate analysis was also used to discriminate 
between the groups. 

All available electrocardiographic measurements were also 
examined for correlations with the aortic valve gradient. Those 
showing the highest correlation were used in a multiple re- 
gression equation for prediction of the gradient, A stepwise 
procedure was used so that only significant variables were 
included in the final regression.!? 


Results 


Recognition of left ventricular overload: aortic 
stenosis: Mean QRS and ST-T configurations of the 
scalar X, Y and Z leads and the vector loop projections 
for patients with aortic stenosis and normal subjects are 
shown in Figure 1. QRS and ST-T complexes were 
normalized for time by division into eight equal seg- 
ménts. The mean values of each eighth were computed 
and used for display of the average scalar leads and 
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vector loops. The most obvious scalar differences occur ` 


in R wave amplitude in X and Z-leads; there is a marked 
increase in patients with aortic stenosis. Reduction of 
initial anterior forces in aortic stenosis is shown by the 
smaller and narrower Q wave in lead Z. 

Changes in the vector loop configurations corre- 
sponded to those of the scalar leads. The QRS loop in 
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aortic stenosis showed a smaller initial anterior com- 

ponent and posterior displacement of an enlarged QRS 

` loop with the T loop directed autenony and to the 
right. 


‘Simple scalar ihedsurements were danced according 


‘to their ability | to ‘separate the two | ‘groups. (Table II). 


TABLE i 


Selected Elecirocardiographic Measurements That 
Discriminate Efficiently Between Normal PUPICI and 








Patiente with Aortic Valvular Disease we, 
T i Aortic Aortic ’ False 
. - Normal ‘Stenosis Insuffltiency Positive 
Measure- Limis* (cumulative) (cumulative) (cumulative) 
ment (96% range) . (%)° (%) _(%) 
Ry + Re . >3.2 mv 43 -> 51 2 
Ry peak time >0.05 sec 58 67 4 
Rz duration ‘>0.07 sec 64 74 5 





* The listed limits are derived from a normal male population. For 
women, the limit for Ry +R, Is 2.5 mv and for-Rx,°1.75 my. 


A : — NORMAL 
IA Es =y i 
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The sum of the voltage of the R wave in lead X and the 
R wave in lead Z of more than 3.2 my recognized 43 
percent of patients with aortic stenosis and, by defini- 


tion of 96 percentile ranges, included 2 percent of nor- 


mal patients (false positives). The time required for the 
R wave to reach maximal voltage in lead X (Rx peak 
time) of more than 50 msec identified an additional 15 


‘percent of cases of aortic stenosis. Inclusion of this cri- 


terion yielded a total 4 percent false positive rate. Rz 
duration beyond 70 msec recognized an additional 5 
percent, with a cumulative 5 percent false Pople 
rate. ` 

: Measurements obtainable from loop prorector 
were included i in selecting the most efficient measure- 
ments for separating the two groups. The maximal QRS 
voltage in the sagittal plane was one of the more im- 
portant vector measurements; but it did not improve 
the sensitivity, as shown in Table II. 

Aortic iùsufficiency: The data for aortic insuffi- 


-ciency were similar to those for aortic stenosis. Figure 


2 shows the mean X, Y and Z scalar leads and the planar 


imv 


FIGURE 2. The mean configuration 
of tlme-normalized, orthogonal 
scalar leads-X, Y and Z and vec- 
torcardiographic planar displays 
from.normal subjects and patlents 
with aortic Insufficlency (Al). F = 
frontal; S = left sagittal and T = 
T: transverse or horizontal plane. 
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TABLE Il TABLE IV 
Electrocardlographic Measurements Used in Multivariate Results of Multivariate Analysis 
Analysis of Records From Patlents With | 
Left Ventricular Overload ann AS ag ee nore ee aN 
- z - AS 82% ' 18% Al 78% 22% 
Discriminant 5% 95% N 5% - -95% 
vee Function PS = 88.5 PS = 86.5 
(amp 3) - Cosificientė Al = aortic Insufficiency; AS = aortic stenosis; N = normals; PS = 
Maximal QRSxz - i 0.23 performance score = 1/2 (sensitivity + specificity). 
6/8 QRSxyz ~0.25 
2/8 QRSz 0.52 
5/8 QRSxyz -0.10 : 
5/8 ST-Tx 1.00 = , 
5/8 QRSxz 0.09 and aortic insufficiency. Because the overall classifi- 
6/8 QRSxy apne cation rate was highest with the criteria for hypertensive 
6/8 QRSxz : 0.10 cardiovascular disease these criteria were used for the’ 
PZ QRS ne final analysis reported in this study. The relative success 
4/8 ORSxz L002 of these criteria compared with criteria derived from the 
4/8 QRSz —0.01 patients with aortic valve disease was possible due to the 


loops for the patients with aortic insufficiency and 
normal subjects. The major changes from normal in 
aortic insufficiency paralleled those in aorticstenosis— 
diminution of initial anterior forces, increased voltages 
directed posteriorly and a discordant T loop. Compared 
with aortic stenosis, there was a narrower horizontal 
loop and counterclockwise rotation in the frontal planė. 
Use of three scalar measurements yielded 74 percent 
recognition of aortic insufficiency with a 5 percent false 
positive rate (Table II). In ranking by discriminatory 
power, the maximal QRS amplitude in the horizontal 
plane was fourth but totally redundant, and use of this 
criterion in addition to the three listed in- Table II did 
not increase sensitivity. 

The normal and abnormal electrocardiographic data 
reported here were obtained from male adults. Different 


limits of normal need to be applied when dealing with. - 


a female population or with children. The normal range 
for the sum of R wave amplitudes in leads X and Z, for 
instance, extends up to 3.2 mv in men but only up to 2.5 
mv in women.!§ Limits of normal for time intervals 
listed in Table II are identical for both sexes. 
Multivariate analysis for left ventricular over- 
load: Three sets of multivariate criteria were tested for 
recognition of left ventricular overload in aortic stenosis 


TABLE V 


use of more measurements. Cornfield! has determined _ 
that up to 1/20th of the sample size should be used as 
the maximal number of variables in multivariate anal- 
ysis. If this number is exceeded, results from the original 
computations usually cannot be reproduced on new 
samples of cases. Because only 90 cases of aortic stenosis 
and 167 cases of aortic insufficiency were available in 
our study, the Cornfield rule would have allowed use of 
only four or eight variables, respectively. The larger 
sample of 937 cases of hypertensive cardiovascular 
disease allowed selection of 13 variables, which were 
found most efficient for all types of left ventricular 
hypertrophy. 

Table III shows 13 measurements that were used si- 
multaneously in the separation of normal subjects and 
patients with aortic stenosis or normal subjects and 
patients with aortic insufficiency in. a multivariate 
analysis. Table IV shows the results of this analysis. At 
a 5 percent false positive level, using the 13 measure- 
ments, 82 percent of the patients with aortic stenosis 
were recognized as having left ventricular overload. 
From the clinical selection of patients, we know that 7 
of our 90 patients had mild aortic stenosis as diagnosed 
with pressure measurements; therefore, some patients 
would be expected to have a mild degree of left ven- 
tricular overload. This 82 percent recognition rate (at 
the 5 percent false positive level) using multivariate 
analysis is substantially higher than the 64 percent rate 
obtained at the same level of specificity when the first 


Measurements Showing Significant Differences Between Aortic Stenosis and Aortic Insufficiency 


Aortic Stenosis 


- _ Aortic insufficiency 


Measurement Mean 


96% Range Mean 96% Range P Value 
QRS duration (msec) i “ 97 (76-116) 101 (80-120) <0.005 
Maximal QRSxyz (mv) _ 2.23 (1.02-3.49) 2.55 (0.096-5.17) <0.01 
Maximal QRSxy (mv) 2.03 0.92-3.48) 2.38 (0.85-5.08) <0.005 
Rx (mv) . 1.58 0.59-2.86) 1.84 {0.45-4.40} <0.02 
Rz duration (msec) i 80 (386-100) 88 (32-100) <0.001 
Qz duration (msec) 30 (12-48) 28 (12-44) | <0.005 
0.04 QRSy (mv) 0.638 (--0.10-1.48) 0.494 (—0.14-1.22) <0.005 
0.05 QRS (mv) - 1.05 (—0.77-2.58) 1.40 (—0.23-3.78) <0.005 
Tz (mv) —0.34 (—0.84-0.08) —0.27 —0.68-0.1 <0.02 
Maximal Txz (mv) 0.42 (0.11-1.0) 0.33 (0.07-0.77) <0.005 

P = probability. 
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three hand measurements of Table II were used. Similar 
but less improvement occurred using multivariate 
analysis in aortic insufficiency, which correctly recog- 
nized 78 percent of cases compared with the 74 percent 
recognized (at the 5 percent false positive level) with 
conventional hand measurements. 

Aortic stenosis versus aortic insufficiency: When 
mean measurements in cases of aortic stenosis were 
compared with those in cases of aortic insufficiency, 
significant differences were found for 34 variables (P 
< 0.02). Ten of these are listed in Table V. Measure- 
ments in the middle or late part of the QRS complex 
were generally higher in aortic insufficiency than in 
aortic stenosis. The maximal spatial vector and QRS 
duration followed trends previously reported?4 and 
demonstrated greater magnitude and duration of pos- 
terior forces in aortic insufficiency. Measurements 


during the initial 30 msec of the QRS complex were 


surprisingly similar in both groups whether examined 
as instantaneous vectors, time-normalized vectors or 
scalar measurements. . 
Bécause our interest was in differentiating electro- 
cardiographic records of aortic stenosis and aortic in- 
sufficiency, the overall distributions of the measure- 
ments in the two groups were of more practical impor- 
tance than the mean values. Unfortunately; when ranges 
of measurements were considered, few real differences 
-appeared between the two groups. Similar distributions 
occurred in both aortic stenosis and aortic insufficiency 


- whether we considered initial anterior forces, middle or - 


‘late QRS amplitudes or ST-T changes. 

Findings in the initial part of the QRS complex are 
best visualized when the distribution of the Q wave 
amplitude in lead Z (Qz) is examined. Of the patients 
with aortic stenosis, 13 percent showed no Q wave in 
lead Z, indicating total absence of initial anterior forces. 
This finding has been described as characteristic in 
cases with predominant systolic overloading.? However, 
an even greater proportion of patients (19 percent) with 
the classic diastolic overload of aortic insufficiency had 
no Q wave in lead Z. This is in sharp contrast to the ac- 
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0.8 FIGURE 3. The distributions of Q wave amplitudes In lead Z 
in aortic stenosis (AS) and aortic Insufficiency (Al). 


centuation of initial forces expected from the concepts 

of Cabrera and coworkers. Figure 3 shows a histogram 

of the Qz amplitude of the patients who showed anterior 
forces. Almost identical ranges are evident in the pa- 

tients with aortic stenosis and insufficiency. The same 

was true when magnitude and direction of initial in- 

stantaneous QRS vectors were examined. 

The QRS voltages directed posteriorly and leftward . 
were the only variables contributing to any discrimi- 
nation between the two groups. Where distributions 
differed, the larger range was always observed in aortic 


-insufficiency. Consequently, when criteria based on the 


96 percentile ranges of one group were used as dis- 
criminators, only limits based on aortic stenosis were 
useful. The near impossibility of adequately differen- 
tiating the two groups is illustrated by Figure 4, which . 
shows the distribution of R wave amplitudes in lead X 
(Rx) in the two groups. Rx was one of only four QRS 
measurements that singly separated 10 percent of the 
records of aortic insufficiency from those of aortic ste- 
nosis. The maximal QRS magnitude in the horizontal | 
plane, the 5/8 QRS amplitude in lead X and the X 
component of the maximal spatial magnitude also rec- 
ognized 10 percent or more of the cases of aortic steno- 
sis. Unfortunately, these criteria reflect a similar part 
of the QRS complex and are almost totally redundant. ~ 
In combination, they correctly classified only 15 percent 

of the cases of aortic insufficiency. 

Left ventricle-aorta pressure gradient: In an at- - 
tempt to correlate in patients with aortic stenosis the 
peak pressure gradient between the left ventricle and 
aorta with electrocardiographic measurements, 333 
electrocardiographic variables were tested: Of these, 31 
measurements correlated at a significance level of P- 
<0.01. The great majority of these consisted of ST-T 
measurements with the highest values for 5/8 ST-T 
amplitudes in lead Y (r = —0.418) and the J point ele- - 
vation angle (r = —0.346). The ST-T measurements 
indicated a trend toward.a more superior orientation of 
the S-T segment and T: wave with increasing severity 
of aortic stenosis. 
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FIGURE 4. The distributions of R wave amplitudes in lead X 

In aortic stenosis (AS) and aortic Insufficiency (Al). Ap- 
proximately 10 percent of the amplitudes in aortic insuffi- 0 
ciency exceed the upper 96 percentile range In aortic ste- i 
nosis. 


Only two QRS measurements, the R wave amplitude 
in lead Z (r = 0.335) and the 5/8 QRS amplitude in lead 
Z (r = 0.311), were significant at the 0.01 level. In 
practice, these are almost identical measurements and 
reflect the most posterior extent of the QRS. The 
maximal QRS spatial magnitude was the third most 
significant QRS variable (r = 0.262) and was the only 
vector measurement significant at the 0.05 level. A total 
of eight QRS variables showed significant correlations 
with the gradient at this level. i 

The seven measurements showing the highest cor- 
relations were used in a multiple regression equation to 
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predict the gradient. The stepwise procedure used in- 
dicated that only two measurements, the 5/8 QRS am- 
plitude in lead Z and the 5/8 ST-T amplitude in lead Y, 
contributed significant information to the prediction. 
The scattergram of Figure 5 shows the wide range en- 
countered, and the data are obviously not useful for 
prediction of the gradient. 

Because only 45 of our patients with predominant 
aortic stenosis had aortic root angiograms to exclude 
aortic regurgitation, the failure to predict the gradient 
might be attributed to contamination by patients with 
clinically unrecognized aortic insufficiency. We there- 


50 





25 
mm Hg 
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FIGURE 5. Scattergram showing actual versus predicted mm Hg 
left ventricle-aorta gradient in aortic stenosis. Line of . 
PREDICTED 


complete identity is shown for reference. 
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fore performed the regression analysis separately for 
these 45 patients, but the results showed no improve- 
ment in prediction of the gradient. 


Discussion 


The Frank orthogonal electrocardiograms of 90 pa- 
tients with aortic stenosis and 167 with aortic insuffi- 
ciency were analyzed. The most important QRS variable 
characterizing these groups was increased voltage in a 
leftward and posterior direction as expected in hyper- 
trophy or overload of the left ventricle. Other significant 
variables included R wave peak time in lead X and R 
wave duration in lead Z. Using these simple measure- 
ments, a recognition rate for aortic valve disease of 64 
to 74 percent of the cases at a constant false positive rate 

-of 5 percent was achieved. Using more variables in a 
multivariate analysis scheme designed for computer 
application increased this yield to 82 and 78 percent for 
aortic stenosis and aortic insufficiency, respectively. The 
results are good considering that approximately 10 
percent of the patients had hemodynamically mild 
disease. 

Direct comparison cannot be made with data from 
any previously reported study because all differ in the 
criteria for selection of patients (clinical or autopsy) as 
well as in the degree of severity or disease. However, no 
other large group of cases of predominant aortic stenosis 
or aortic insufficiency is available.. 

Aortic stenosis: No electrocardiographic data are 
available on a large number of adults with aortic ste- 
nosis. The reported electrocardiographic findings fre- 
quently depend on the age of the patient and the se- 
verity and duration of the disease. Wood” described his 
personal experience with 250 cases of aortic valve dis- 
ease; many of the patients were young, but the majority 
were adults. He observed that the electrocardiogram 
was normal in all trivial and most moderate cases of 
valve disease, but never normal in severe cases. In an- 
alyzing 41 cases of nearly pure aortic stenosis in patients 
aged 7 to 57 years, Hancock and Fleming?! noted that 
the QRS voltage and depth of the T wave inversion were 
related to the severity of the lesion. The T waves were 
normal in three patients with significant aortic stenosis, 
including two children aged 9 and 11 years, respectively. 
Hugenholtz and Gamboa’ found excellent correlation 
of QRS voltages and seyerity of left ventricular disease 
in children. Postell et al.2* reported similar correlations 
in adults using a multiple regression based on QRS 
voltages and duration. However, Reeve et al.8 were 
unable to confirm the findings of Hugenholtz and 
Gamboa, and Braunwald et al.9 reported that no single 
electrocardiographic finding correlates with the severity 
of aortic stenosis. In our study using 333 measurements, 


more than 80 correlated with the aortic valve gradient.. 


Yet, the multiple regression equation obtained with the 
best combination of measurements was of no practical 
use for prediction. 


Aortic stenosis versus aortic insufficiency: The . 


concept of systolic and diastolic overloading of the heart 
resulting in specific electrocardiographic patterns, first 


proposed by Cabrera and Monroy,? was later qualified 
as a description of trends rather than of specific diag-- 
nostic patterns.2° Toshima et al., using the Schmitt 
lead system (SVEC-IID), studied 20 patients with aortic 
stenosis and 26 with aortic insufficiency. The disease 
appeared severe in both groups, but whether the pa- 
tients were comparable is not certain. Larger Rx, Rz, Qx 
and instantaneous 0.01 and 0.02 second QRS vector 
voltages were found in aortic insufficiency. Differences 
in terminal forces were also found. Lichtlen®® studied 
40 patients with pure or predominant aortic stenosis 


and 50 patients with pure aortic insufficiency and 


compared them with 50 normal subjects. The severity 
was not given, but aortic stenosis and aortic insuffi- 
ciency were considered to be associated with “the same 
degree of left ventricular hypertrophy.” In examining 
the QRS complex, he found a significant change in the 
spatial QRS loop, with the mean polar vector in aortic 
insufficiency superior and anterior compared with its 
posterior orientation in normal persons and patients 
with aortic stenosis. The superior orientation ofthe 
polar vector in aortic insufficiency was associated with 
a high incidence rate (90 percent) of counterclockwise 
rotation in the frontal plane loop. Brackbill and Shah?8 
using the Frank vectorcardiogram recently reported on 
25 patients with aortic stenosis and 20 with aortic in- 
sufficiency. Their results confirmed the findings of 
Toshima et al.?4 but emphasized the limited usefulness 
of data from an individual patient because of the wide 
overlap between the two groups. 

Because of the potential usefulness of electrocar- 
diographic criteria in distinguishing patients with aortic 
stenosis from those with aortic insufficiency, we ex- 
amined this aspect in detail in our series. Occasional — 
differences in mean measurements were found between 
the two groups, and these were in the direction pre- 


` dicted by the postulates of Cabrera and his col-’ 


leagues.®23 Our’ data confirmed a tendency to more 
superior orientation of the maximal QRS vector in pa- 
tients with aortic insufficiency (Fig. 2). Also, the mean 
loop was narrower in aortic insufficiency. However, 
Yano and Pipberger!® previously showed that a narrow 
or figure of eight loop configuration, or both, in the 
horizontal plane is characteristic of left ventricular 
enlargement, regardless of the type of underlying car- 
diac disease. In cases that came to autopey, biventricular 
hypertrophy was found. 
Our data demonstrate some of the difficulties en- 
countered in attempting to differentiate two diagnostic 
entities on the basis of electrocardiographic findings. 
Frequently used procedures, such as t tests, may indi- 
cate highly significant differences between two groups, 
yet it may not be possible to separate these groups in 
any practical way because the difference in means is 
considered in the test and not the data distribution. 


’ This is immediately evident from Figure 4, which is 


typical for this situation: The data that are not dis- 
tributed normally are so spread out that there is almost 
complete overlap. 

In our previous experience, multivariate analysis 
techniques usually led to reasonably good group sepa- 
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rations even when simple hand measurements had given 


poor results or had failed.!8 We were therefore disap- 
pointed that this procedure did not lead to any sub- 
stantial improvement in the differentiation between 
‘aortic stenosis and aortic insufficiency. Because more 
records were available than in any of the previously 
reported series, it is probably safe to conclude that a 
separation between these two entities is not possible by 
electrocardiographic means. Our failure to predict the 
severity of aortic stenosis through correlations between 


the left ventricle-aorta gradient and various electro- 


‘cardiographic measurements was less of a surprise in 


view of the limited success achieved by others.’ 

- However, our results were encouraging in regard to 
recognition of left ventricular overload in patients with 
aortic valve disease. With only a few simple measure- 
ments, approximately 68 percent of the cases could be 
recognized at a specificity level of 95 percent. At the 
same specificity level, multivariate analysis led to a 
recognition rate of approximately 80 percent. 
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A biopsy instrument with multiple drill heads was used to retrieve simul- 


taneously; and freeze within seconds, 29 individual transmural tissue 
samples from the left ventricular wall of the dog heart. Studies were un- 
dertaken 21 to 26 minutes after coronary arterial ligation to define the 
border zone between ischemic and nonischemic tissue using the following 
criteria: (1) metabolic changes (adenosine triphosphate, creatine 
phosphate, glycogen, lactate, potassium, sodium, water); (2) electro- 
cardlographic S-T changes; and (3) blood flow distributlon (microspheres). 
The existence, position and sharpness of the gradients for each varlable 
were defined in relation to the edge of the visible area of cyanosis. 
Adenosine triphosphate, creatine phosphate and lactate values In the 


. nonischemic tissue were essentially constant until 2 to 3 mm from the edge 


of visible cyanosis. The high energy phosphate content of the tissue then 
decreased sharply across a zone 8 to 15 mm wide that spanned the visible 
edge. Across this zone lactate content increased sharply as did S-T 
segment elevation, and coronary flow decreased to approximately 20 
percent of the control value. Multiple cross-correlation studies revealed 
that changes In the tissue content of adenosine triphosphate, creatine 
phosphate and lactate were accurately reflected by S-T segment changes, 
and further that all of these varlables were directly related to the degree 
of ischemia, as Indicated by the reductlon In coronary flow. In addition 
to confirming the existence of a clearly defined border zone, these studies 
suggest that therapeutic salvage of this zone could considerably Influence 
the extent of the ultimate infarct. i 


From the known heterogeneity of an area of regional ischemia has grown 
the concept of the demarcation of the infarcting myocardium into various 
histochemical,! metabolic%3 and electrocardiographic* zones, each with 
different degrees of coronary blood flow.5 Thus, moving inward from the 
visible edge of cyanosis of the epicardial cyanotic area produced by 
coronary arterial ligation, severe and progressive derangements of me- 
tabolism, flow and electrocardiographic characteristics have been 
demonstrated.24 In experimental studies in the dog various zones of 
hemodynamic impairment after coronary occlusion have been reported.® 
In man there are links between the severity of epicardial electrocardio- 
graphic changes, the degree of asynergy and the degree of histologic 
damage induced by ischemia.” 

The continuum of metabolic, flow and-electrophysiologic changes - 
between the core of an ischemic area and surrounding normal tissue 
provides a conceptual framework for the existence of various zones in- 
cluding a critical “border” zone of tissue. This border zone would rep- 
resent reversibly damaged, “jeopardized” tissue,® the fate of which may 
ultimately determine the survival of the individual patient.9. : 

However, there has been recent controversy!®1 and speculation about 
the existence or nature of the gradients in the border zone, and the ex- 
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istence of a geometrically clearly defined border zone 
has even been questioned.!” 

This study is aimed at a more precise definition of the 
border zone by investigating the degree of parallelism 
or other relation between metabolic, flow and electro- 
cardiographic gradients across an area of acute regional 
ischemia approximately 25 minutes after coronary ar- 
terial ligation. We used a multiple head drill biopsy 
instrument! capable of simultaneously retrieving and 
rapidly freezing 29 individual transmural tissue samples 
from the left ventricular wall of the dog heart. 


Methods 


Surgical procedures: Studies were performed in nine 
experimental and two control mongrel dogs (17 to 30 kg) of 
both sexes. The animals were anesthetized and their respi- 
ration controlled as described by Opie and Owen.? The heart 
was exposed in two stages. First, the chest was opened with 
a mid-sternal thoracotomy, and the heart was suspended in 
a pericardial cradle. Second, a bilateral thoracotomy by way 
of the fifth intercostal space was performed to allow a total 
retraction of the upper thoracic cage and to facilitate rapid 
and unimpeded sampling of tissue at the end of the experi- 
ment. However, during the course of the experiment, the 
anatomy of the chest was reconstructed with the aid of ap- 
propriately placed towel clips. Before biopsy the clips were 
removed to allow maximal exposure of the heart. 

Induction of regional ischemia: To produce an antero- 
lateral area of ischemia of the left ventricle optimally situated 
for use of the biopsy instrument, two to four adjacent branches 
of the left anterior descending coronary artery were dissected. 
Arterial clips were selectively and briefly applied in order that 
appropriate ligature points could be selected to produce an 
area of ischemia that was not so large as to threaten ventricular 
fibrillation or so small that effective tissue sampling with the 
biopsy drill would be prevented. . 

Electrocardiographic monitoring: A direct current re- 
cording technique with two pH calomel electrodes was used 

‘to overcome direct current offset half-cell potential. Contact 
with the epicardium was through a fine gauze wick attached 
to one electrode and soaked in isotonic saline solution at 37° 
C. The reference electrode was placed at a convenient ab- 
dominal site and electrical contact was facilitated with use of 
a galine-soaked gauze. After appropriate amplification, signals 
were displayed on a Tektronix 549'storage oscilloscope. At 
least five complexes for each site were recorded on a Devices 
two channel direct writing pen recorder (2.5 to 100 mm/sec). 
The elevation of the S-T segment above the T-Q segment was 
measured, corrected for calibration and expressed as millivolts 
of elevation. The direct current recording technique often 
permitted a baseline circuit current reference value to be 
obtained from isoelectric recordings taken from well perfused 
sites. From these readings, it was possible to resolve S-T seg- 
ment elevation into two components: (1) the T-Q depression 
below the reference value, (2) the “true” S-T segment ele- 
vation above the reference value; the sum of these was the total 
S-T elevation.'4 

Myocardial topography: Detailed maps of the superficial 
vasculature of the exposed left ventricular wall were prepared 
immediately before the recording of the preischemic elec- 
trocardiogram (Fig. 1). Copies of the maps were used for 
noting the precise sites of preischemic and postischemic 
electrocardiograms, the postischemic visible border of cyanosis 
and postischemic tissue sampling sites. 

Microsphere studies: Determination of mean myocardial 
blood flow in the tissue surrounding each sample site was 
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carried out using strontium-85 labeled microspheres (83M 
Company, carbonized microspheres 15 + 5 um [mean + 
standard error of the mean]) that were administered into the 
left atrium 2 minutes before tissue sampling. The micro- 
spheres were prepared and administered according to the 
details and precautions described by Lubbe et alë During and 
immediately after the administration of the microspheres, a 
30 second arterial blood sample was collected. After tissue 
sampling and the termination of the experiment, the heart was 
excised and the left ventricular tissue surrounding each biopsy 
site was divided between adjoining sites. In addition, two 
control samples were obtained from an area of the left ven- 
tricle remote from the ischemic region. 

The radioactivity of the strontium-85 contained in the 
microspheres was assayed on a Ge-Li detector (Princeton 
Gammatec). Gamma ray energies up to 2,100 kev were re- 
corded for 60 minutes/sample, stored in a 4,000 channel an- 
alyzer (Nuclear Data, ND 2400) and transferred to magnetic 
tape for processing on a Univac 1110 computer. The activity 
in the reference blood flow samples was similarly assessed. 
Because the brachial arterial flow was accurately measured 
and the radioactivity contained in this reference flow sample 
assayed, the blood flow per gram of myocardium could be 
calculated by the formula: MBF = (RBF X Cm)/Cr where 
MBF = blood flow in the sample of myocardium (ml/g per 
min), RBF = reference flow collected at the brachial artery 
(ml/min), Cm = radioactivity in the sample of myocardium 
and Cr = radioactivity in the reference blood sample. 

Simultaneous multiple tissue biopsies: The meaningful 
determination of the levels of labile metabolites such as 
adenosine triphosphate (ATP) and creatine phosphate (CP) 
requires that, the tissue sample be removed and frozen within 
a few seconds.!° To accomplish this a multiple head drill bi- 
opsy instrument!8 was used. The instrument consists of 29 
stainless steel cutting tubes (4.0 mm internal diameter) ar- 
ranged in a regular matrix to cover an area of 50 by 40 mm with 
the tube centers 8 mm apart. 

For tissue biopsy the instrument is positioned above the left ` 
ventricle and with the cutters rotating at 900 revolutions/min 
it is plunged into, and then immediately pulled out of, the 
myocardium. The power is switched off as the cutters are 
withdrawn and the instrument is placed on a sample collection 
matrix, which is divided into coded compartments corre- 
sponding to each biopsy cutting tube. A multiple mandrel is 
used to eject all the tissue samples from the cutting tubes into 
the collection matrix, which is immersed in liquid nitrogen. 
The ejected tissue samples are rapidly frozen and identified 
in each collection chamber. The polarity of each sample is 
maintained so that the epicardial end of each tissue sample 
is at the upper end of its collection chamber. The entire 
sampling and freezing operation can be achieved in less than 
7 seconds, Individual tissue samples.(150 to 250 mg) may then 
be removed from the collection matrix for biochemical anal- 

sis. i 

; Biochemical analysis: Tissue samples were individually 
stored in liquid nitrogen until the time of assay. Each sample 
was pulverized in a percussion mortar maintained at the 
temperature of liquid nitrogen. The powdered tissue was then 
divided into three equivalent portions: the first was taken for 
the determination of adenosine triphosphate, creatine phos- 
phate and lactate; the second for the determination of dry 
weight, potassium and sodium ratio; and the third for the 
determination of glycogen. All analytical procedures were 
performed as previously described.*:15-17 

Time course of experiment: After completion of the 
surgical preparation (45 to 60 minutes) the vascular and an- 
atomic map of the left ventricle was prepared (Fig. 1A). The 
coronary arteries were then dissected in preparation for li- 
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- FIGURE 1, Myocardial maps In an Individual dog. A, vascular detall recorded on a map of the left ventricular wall. Arteries are shown In solld lines, 
veins in open lines. The sites selected for epicardial electrocardlographic recording are Indicated by the open squares. B, the sites of ligation and 
the area of visible cyanosis. C, the 29 biopsy sites (open circles) in relation to the area of Ischemia and the curvature of the heart. D, the tissue 
areas (boxes) taken for microsphere studies after multiple biopsy. f 
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VISIBLE 
EDGE 


FIGURE 2. Contour map In an individual dog constructed 
by Joining points of maximal gradient between adjacent 
sampling sites (open circles). The edge of the visible 
area of cyanosis ls Indicated by m... the lactate con- 
tour by - - - -, the adenosine triphosphate (ATP) contour 


er , the creatine phosphate (CP) contour by 
— —, the flow contour by — - —, the S-T segment contour 
{AST) by — - — and the glycogen contour by — ++ —. 


The centers of adjacent blopsy sites are 8 mm apart. 


gation. Préligation epicardial electrocardiograms were taken. 


‘from 40 to 100 sites in the projected area of ischemia and 
surrounding areas of normal tissue, and these were spatially 
- recorded on the myocardial map. The coronary arteries were 
then tied and an area of regional ischemia was créated for 21 
‘to 26 minutes. Aftér 10 minutes of ischemia (sufficiexit time 
for thé stabilization of any S-T segment shifts) a postligation 
electrocardiographic map was prepared by taking recordings 


at the sites used for the preparation of the preligation map ` 


(Fig. 1B). Two minutes before-termination of the experiment, 
the radioactive microspheres were administered and a blood 
sample was collected for 30 seconds. The upper thoracic cage 
was then totally retracted, and the multiple sampler was po- 
sitioned above the left ventricular wall so that the samples 
obtained would be from both normal and ischemic tissue (Fig. 
1C). Immediately after sampling the heart,was excised, the 
position and code number of each sample site were recorded 
on a myocardial map ahd the tissue surrounding each sample 
site was then dissected out, coded and taken for measurements 
of microsphere radioactivity (Fig. 1D). 

Statistical treatment: Metabolic cross-correlations were 
carried out using a CDC 6400/CYBER 73-14 System with a 
program provided by Mr. D. A. Stewart. All metabolite values 
for a single biopsy specimen were punched in a standard order 
on cards with a néw card for every biopsy sample. Groups of 
cards for either a single heart or for combined hearts could be 
entered into the program, and within that group any subset 
of two variables could be selected for regression analysis. The 





BORDER ZONE IN ISCHEMIA—HEARSE ET AL. 


output isaladed the means, standard deviations and standard 
errors for the variables; the regression coefficierits, regression 
constants:and their standard errors; and a: correlation coeffi- 
ciént for all the regression analyses... ~ 

: For the determination of metabolic gradients and metab- 
olite values relative to distance from the boundary of visible 
cyanosis, individual metabolic values for. each biopsy specimen 


- were grouped and the statistical nieans obtained for bands 


radiating i in both directions from the boundary of visible cy- 
anosis. Over the distance that major metabolite or electric 
changes were observed (20 mm on éither side of the boundary) 
the bands-were 2 mm wide and the mean metabolite value was 
plotted ať the center point of the band. Because the sample 
density was so high, the bands.were go. narrow and the location 


__ of the initial biopsy site was only accurate to above 1 to 2 mm, 


it was not held necessary or significant to derive a statistical 
mean for the location of the metabolite mean within the 2mm 
band. Beyond 20 mm from the boundary of visible cyanosis, 
mean values of metabolites were taken over a wider band. 
However, because values-were essentially constant in these 
regions the location of the data point relative to distance in 
no way affected the interpretation of the results, and thus a 
center point location was pean selected. 


Results 


Individual data: Analysis of individual tissue sam- 
ples allows the preparation of metabolite and flow maps 
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in which the content of adenosine triphosphate, creatine 
phosphate, lactate, glycogen, potassium and sodium, 
together with the dry weight/wet weight ratio and cor- 


onary flow, can be recorded in relation to the site of 


sampling and the area of cyanosis (Fig. 1). Superim- 
position of these maps, together with the electrocar- 
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diographic maps (S-T elevation and “true” S-T eleva- 
tion) allows a comprehensive picture of the metabolic, 
electrical and flow characteristics of various zones of the 
left ventricle. 

Inspection of the results for ndividual sample sites 
revealed that, in general, samples obtained from ap- 


40 


FIGURE 3. Linear changes of tissue adbnosine triphos- 

` phate (ATP) concentration in relation to the edge of the 
visibie area of cyanosis (center vertical line on each 
graph) with tissue samples obtained from outside the area 

- of cyanosis plotted to the left of center and tissue samples 
obtained from inside the area of cyanosis plotted to the 
right of canter, observed between 21 and 26 minutes after 
coronary artery ligation. A,- -Individual data’ points obtained 
from all experiments plotted-as-umoles ATP/g wet weight 
recorded In samples agalnst the-distance of each sample 
in mm from the edge of the visible area of necrosis. B, 
the statistical mean of the results (no. = 230 biopsy sites). . 
The bar Indicates the standard error of the mean. 


40 


Pa i 








parently normal tissue outside the area of visible cya- 
nosis were well perfused (mean + standard error of the 
mean value for 64 samples = 1.48 + 0.12 ml/g per min), 
whereas those located on or across the visible border 
were reduced (mean value for 50 samples 0.89 + 0.001 
ml/g per min), and those completely within the area of 
cyanosis exhibited considerably reduced perfusion 
(mean for 46 samples 0.37 + 0.5 ml/g per min). These 
patterns of coronary perfusion were also reflected in the 
values for adenosine triphosphate and creatine phos- 
phate; both of these intermediates demonstrated 
marked depletion within the area of visible cyanosis. 
Similarly, significant S-T segment elevation and lactate 
production were essentially confined to the area of 
visible cyanosis. The values for glycogen revealed sig- 
nificant (P <0.01) depletion inside the area of cyanosis 
and similarly, the value for the potassium ion/sodium 
ion ratio was significantly higher outside the area of 
cyanosis than inside (P <0.01). 

The reduction in adenosine triphosphate and creatine 
phosphate, the production of lactate and utilization of 
glycogen, together with a relative decrease in the po- 
tassium ion/sodium ion ratio, are consistent with the 
-changes known to occur in the ischemic myocardium. 
Furthermore, the results suggest that the visible 
boundary of the area of cyanosis accurately reflects the 
location of the zone of the sharpest gradient between the 
normal and the ischemic tissue for several measure- 
ments. Figure 2 illustrates a series of contours con- 
necting the areas of the sharpest detected gradient for 
several measurements between the ischemic and the 
nonischemic area. There is a close relation between each 
contour and the visible border of the cyanotic area. In 
view of the fact that the centers of the sampling sites are 
only 8 mm apart, any deviation from the parallelism is 
extremely small. - 

Composite data: Investigations with nine dogs and 
two control dogs without coronary arterial ligation 
produced a total of 230 tissue samples, obtained from 
various identifiable areas of both normal and ischemic 
myocardium. Values from the control dogs revealed a 
uniform distribution of flow and biochemical interme- 
diates over the entire left ventricular wall with accept- 
able nonischemic control values for all variables mea- 
sured. These combined data, in addition to the prepa- 
ration of individual metabolic geometry maps, were 
used to derive information relating to the nature of 
various metabolic gradients and were also used to in- 
vestigate any relations between the various parameters 
of metabolism, flow and electrical activity. 

Myocardial gradients: With use of maps prepared 
- from every heart, the dimensions of the multiple tissue 
sampler and the metabolite and flow values measured 
for every tissue sample, it was possible to determine, to 
within 1 to 2 mm, the distance of each sampling point 
from the nearest boundary of visible cyanosis. In this 
way, it was possible to calculate the rate of change of 
various measurements as the sampling site moved in 
either direction from the visible edge of cyanosis. 

The results with respect to myocardial adenosine 
triphosphate (Fig. 3) reveal that the content in the 
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FIGURE 4. Linear changes of tissue lactate concentration In relation 


to the edge of the visible area of cyanosis. For representational details 
see legend to Figure 3. 


nonischemic myocardium remains essentially constant 
(5.6 + 0.1 umoles/g wet weight) until sampling sites are 
less than 3 mm from the visible edge of cyanosis. Across 
that 3 mm distance the adenosine triphosphate de- 
creases to approximately 4.1 wmoles/g wet weight and 
continues to decrease at a similar rate until approxi- 
mately 3 mm inside the cyanotic area, where a mean 
value of approximately 2.9 is observed. More than 3 mm 
into the ischemic area the rate of decrease is greatly 
reduced so that after 12 mm, adenosine triphosphate 
has only decreased to 2.3 umoles/g wet weight. 

Lactate values undergo a similar pattern of rapidly 
changing values across the visible edge (Fig. 4). Thus, 
lactate values do not increase substantially until sam- 
ples are obtained less than 2 to 3 mm from the border 
of cyanosis. As indicated for a single heart in Figure 2, 
the lactate gradient, in comparison with adenosine tri- 
phosphate and other gradients, is displaced inward from 
the visible edge. Thus, at the edge lactate values-are only 
slightly elevated above those in nonischemic tissue but, 
once inside the cyanotic zone, they increase rapidly with 
distance. 

Myocardial perfusion influences and determines the 
characteristics of the lactate gradient, as well as those 
of the adenosine triphosphate gradient. Figure 5 shows 
the relation of coronary perfusion to distance from the 
edge of the visible area of cyanosis. Because of variations 
between hearts in basal flow rates in control tissue, flows 
are expressed as percent of the control flow in the in- 
dividual heart from which each sample is obtained. It 
is apparent that flow does not decrease significantly 
below the 100 percent value until the sample site is 
within 6 to 8 mm from the cyanotic border. The results 
obtained in nonischemic tissue also demonstrate the 
existence of a zone of hyperperfusion, which has been 
reported by some workers®!819 and disputed by oth- 
ers.!2 In this study the zone of clearly defined hyper- 
perfusion occupied the region between 8 and 20 mm 
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FIGURE 5. Linear changes of tissue coronary perfusion (flow) in relation 


to the edge of the visible area of cyanosis. For representational detalls 
see legend to Figure 3 and also the text. 


from the border of cyanosis. Coronary perfusion de- 
creased to approximately 60 percent at the visible bor- 
der and continued to decrease sharply to approximately 
20 percent of the control at a distance of 5 mm inside the 
cyanotic area. At only very few sampling sites within the 
ischemic area were very low coronary flow values (less 
than 10 to 15 percent of control) observed. This obser- 
vation would be in agreement with earlier findings”° 
showing that collateral coronary flow prevents a total 
cessation of coronary flow even in the center of an in- 
farct. The results for S-T segment changes, glycogen 
and creatine phosphate values (Fig. 5 to 8) further 
confirm the relatively narrow band of tissue in which 
sharp gradients occur. 

Definition of the border zone (Fig. 3 to 8): The 
border zone for any variable was defined as that area of 
tissue lying between the two points of inflection in the 
gradient curve for that variable. Table I lists the ap- 
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FIGURE 6. Linear changes of epicardial S-T segment elevation (AST) 
In relation to the edge of the visible area of cyanosis. For representa- 
tional detalls see legend to Figure 3. 
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FIGURE 7. Linear changes of tissue creatine phosphate (CP) In relation 
to the edge of the visible area of cyanosis. For representational detalls 
see legend to Figure 3. 


proximate width of the border zone for each variable, 
relates it to the position of the boundary of visible cya- 
nosis and indicates the rate of change of each variable 
across the border. Thus, adenosine triphosphate de- 
creased at a rate of approximately 0.4 umoles/g per mm 
(7 percent/mm) across a border zone approximately 6 
mm wide. Creatine phosphate decreased at a greater 
rate (approximately 0.9 umoles/g per mm or 12 per- 
cent/mm) over an identical zone. Flow was reduced 
approximately 6 percent/mm across a somewhat wider 
zone (13 mm) as is S-T segment elevation, which in- 
crease at approximately 1.1 mv/mm over 15 mm. A 
narrow border zone (8 mm) was observed for lactate, 
which increased at the rate of approximately 2.3 
umoles/g per mm. However, in contrast to the gradients 
for other variables that span the visible boundary, lac- 
tate was only slightly increased above control at the 
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FIGURE 8. Linear changes of tissue glycogen In relation to the boundary 
of the visible area of cyanosis. For representational detalls see legend 
to Figure 3. 
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Total Distance From Visible > 
Width of Boundary of Cyanosis Mean Rate of Change of Maximal Rate of Change of 
Border mm Varlable Across Entire Variable Across Visible 
Variable (mm) utside inside Border Zone Boundary 

Adenosine triphosphate reduction 6 3 3 0.4 umole/g per mm 0.4 umole/g per mm 
Lactate elevation 8 2 6 2.3 pmole/g per mm 2.4 umole/g per mm 
Flow reduction 13 8 5 6.2 percent/mm 6.2 percent/mm 
S-T segment elevation . 15 5 10 1.1 mv/mm 1.6 mv/mm 
Creatine phosphate reduction 18 3 3 0.9 umole/g per mm 1.2 pmole/g per mm 


The width of the border and Its limits on elther side of the visible boundary of cyanosis are measured from the malin region of inflection of each 
curve. The mean rate of change of the parameter Is derived from the value at these two points and the distance between them, whereas the maximum 
rate of change of the parameter was derived from the slope of the curve or the slope of a tangent to the curve at the point where the curve traverses 


the visible boundary. 


boundary of cyanosis, this inward displacement prob- 
ably reflecting the washout of lactate by collateral cor- 
onary flow. Glycogen (Fig. 8) also decreased across the 
border, but in the relatively short ischemic times used, 
major depletion did not occur. 

In addition to indicating a general concordance of 
gradients, the results in Figures 3 to 8 and Table I 
suggest that the border zone of major metabolic, flow 
and electrophysiologic change is between 8 and 15 mm 
in width. Furthermore, this border spans the visible 
edge of the cyanotic zone, and in general the visible edge 
identifies the region of greatest change. 

Parameter correlation: Data correlations were 
carried out to investigate: (1) any relation between S-T 
segment changes and myocardial metabolism?!~*3 
during ischemia; (2) any possible superiority of “true” 
S-T elevation measurements over conventional “total” 
S-T values; and (3) the interrelation among the vari- 
ables measured in this study. Cross-correlations of 
glycogen, adenosine triphosphate, creatine phosphate, 
flow, “total” S-T, “true” S-T, lactate and potassium 
ion/sodium ion ratio were carried out individually for 
each heart and cumulatively for all hearts (‘Table II). In 
view of the large number of samples, correlation values 
did not have to be high in order to be statistically sig- 
nificant. There were good correlations between S-T 
segment changes and adenosine triphosphate (r = 
—0.731), creatine phosphate (r = —0.748) and lactate 





TABLE |l 
Cross Correlations of Variables Studied 

Glycogen ATP cP ATP + CP 
Glycogen — 
ATP | 0.454* pay 
CP 0.454* 0.904* — 
ATP + CP 0.465* 0.951* 0.992* E 
Flow 0.1458 0.441° 0.494? 0.488* 
AST —0.345° —0.731* —0.743° —0.755" . 
True AST —0.292° —0.499* —-0.451* —0.475° 
Lactate —0.428* —0.805* —0.805° —0.822° 
Kt+/Nat 0.103N8 0.419* 0.389* 0.406° 


(r = 0.707). Statistically highly significant (P <0.001) 
correlations were also observed between flow and S-T 
change, adenosine triphosphate, creatine phosphate and 


_ lactate. Only in the cases of glycogen against flow or 


potassium ion/sodium ion ratio and flow against po- 
tassium ion/sodium ratio was a level of statistical sig- 
nificance not achieved. In no instance did the utilization 
of the “true” S-T values, as opposed to the total S-T 
values, produce a better correlation. 


Discussion 


Characteristics of the border zone: Under the 
conditions of this study the myocardial tissue in and 
around an area of regional ischemia may be divided into 
several zones. All tissue further than 20 mm from the 
visible border of cyanosis appears to be normally per- 
fused and is characterized by normal metabolic and 
electrophysiologic activity. Between 8 and 20 mm from 
the border and surrounding the ischemic area is a region 
of hyperperfused tissue where coronary flow in the 
periinfarct zone may increase by as much as 20 to 30 
percent above normal. In this area, metabolite and 
electrophysiologic values remain relatively normal. In 
contrast, spanning the boundary of the visible area of 
cyanosis and 8 to 15 mm in width is an area of rapidly 
altering metabolic and electrophysiologic patterns and 
a rapidly decreasing collateral flow that rarely falls 
below approximately 20 percent of the normal level. 


Flow AST True AST Lactate Kt/Nat 
—0.436" = 
—0.232t 0.713" — 
—0.385" 0.707* 0.541* — 

0.0408 —0.316* —0.199t —0.291* — 


Cross correlations of various paired parameters measured In up to 230 blopsy sites. The correlation coefficient (7) for each comparison is tabulated. 
With r values equal to or greater than 0.23 the probability P value Is smaller than 0.001 (indicated by *). With r values less than 0.23 but greater 
than 0.18 the P value is smaller than 0.01 (Indicated by 1). P values of greater than 0.01 were taken as not significant (Indicated by NS), ATP = adenosine 
triphosphate; CP = creatine phosphate; AST = S-T segment elevation. 
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This border zone of flow and metabolic changes includes 
the peripheral infarct zone and part of the periinfarct 
zone as previously defined. At least 5 mm from the 
visible edge of cyanosis and inside the border zone in an 
area characterized by severely reduced flow (less than 
15 to 20 percent), high degrees of S-T segment elevation 
and metabolic imbalance with severely depleted aden- 
osine triphosphate and creatine phosphate and high 
tissue lactate content. This inner zone corresponds to 
the central infarct zone? and, because of the relative 
resistance to metabolic interventions, presumably 
represents the area of greatest vulnerability to irre- 
versible damage, cell death and necrosis. Sites with 
‘initial S-T elevation of-less than 8 mv respond best to 
infusions of glucose-insulin- potassium” and these sites 
lie near the visible edge and in the border zone (Fig. 
6). 
With the ischemic times in this study (21 to 26 min- 
utes after ligation), the limit of the visible area of cya- 
-nosis identified the border zone and closely corre- 
sponded to the contour joining points where the greatest 
metabolic, electrical and flow gradients occurred. Al- 
though there were some slight differences between 
gradients for various measurements (for example, a 
small inward displacement of the lactate contours), 
there was generally good agreement between gradients. 
The paired data analysis shows a very close correlation 


between several variables. In general there was a high. 


correlation between patterns of flow and metabolism 
(adenosine triphosphate, creatine phosphate and lac- 
tate), thus providing firm evidence for the presumed 
relation between flow reduction and the impairment of 
cell energy metabolism. 

Norris et al.24 and Karlsson et al.25 reported an ele- 
vated tissue lactate level at sites of S-T segment eleva- 
tion but disputed the existence of a simple relation be- 
tween S-T changes and flow. However, our results reveal 
astrong and statistically highly significant (P <0.001) 
correlation between S-T segment elevation and eleva- 
tion of tissue lactate values. Similar strong correlations 
were observed between S-T elevation and depletion of 
adenosine triphosphate and creatine phosphate. Our 
observations are in agreement with those of several 
studies?3:2 that have shown a relation between the re- 
duction in myocardial flow and the increment in S-T 
elevation. Because S-T segment changes are not static 
and evolve over a period of time,*’ it is possible that 
the times used in our study were optimal for revealing 
a relation between changes in S-T segment and coronary 
flow. ` 

Etiology of border zone gradients: Although our 


studies indicate the existence of clearly defined gradi- - 


ents of flow, electrophysiology and metabolism, it is 


important to appreciate that at least three different > 


conditions may account for the observed gradients. 
Thus, if a biopsy specimen is taken from the midpoint 
of a gradient where adenosine triphosphate is reduced 
to, say, 50 percent of the control value, this may reflect: 
(1) The existence of an apparent gradient arising from 
‘ the occurrence of a mixed population of cells within-a 
single biopsy specimen. Here normal cells (with high 


adenosine triphosphate) would coexist with severely 
damaged cells (with low adenosine triphosphate con- 
tent) with the latter population predominating as the 
sampling site moves toward the core of the infarct. (2) 
The existence of differential patterns of damage oc- 
curring in different components of the biopsy specimen 
as a result of endocardial damage in regions where epi- 
cardial damage cannot be detected. Thus, increasing 
areas of damage may be observed in deeper layers of the 
myocardium, creating a cone-shaped mass of damage 
that, when sampled transmurally, may create apparent ` 
gradients as the sampling site moves relative to the apex _ 
of the cone. (3) The existence of a true gradient so that. 
all cells in a biopsy sample obtained from that gradient 
exhibit a relatively uniform degree of damage that in- 
creases as the sampling site moves towards the core of 
the infarct. 

The techniques used in our cae do not allow us to 
discount the first of these three possibilities. However, 
earlier studies from these laboratories®? may argue 
against the concept of the coexistence of mixed popu- 


_ lations of cells. Ih these earlier studies, interventions 


such as glucose- insulin- -potassium were particularly 
effective in the “peripheral” and “periinfarct” zones 
(these may be equated to the border zone), a result that 
would not be expected if the border zone were a mixture 
of normal and severely damaged cells. However, a zone 
of tissue composed of cells with an intermediate degree 
of damage would be more likely to respond to metabolic 


` interventions. 


The second situation that may give rise to an appar- 
ent gradient is differential endocardial and epicardial 
damage. In a series of studies, not described in detail 
here, we selected 37 transmural tissue samples that were 
positively identified as originating from the border zone. 
Each sample was equally divided into endocardial and 
epicardial components that were taken for the separate 
determination of flow and metabolites. The results re- 
vealed a major reduction of flow and adenosine tri- 
phosphate in both fractions. Calculation of the endo- 
cardial: epicardial flow ratio (0.89 + 0.07) indicated a 
small degree of flow discrimination away from the en- 
docardium; however, this would not be sufficient to 
generate the steep gradients across the border zone that 
we observed in the present study. | 

The preceding evidence and discussion lead us to. 


, support the third possible source of the border zone 


gradients, namely, the existence of a spectrum of dam- 
age that, although relatively homogeneous in any one 
biopsy specimen, progresses in severity as the sampling 
site traverses the border zone. 

. Mass of the border zone and tissue salvage: The 
major interpretation that may be made from these 
studies relates to the volume of the border zone and its 
quantitative significance in relation to the ventricular 
mass, the mass of ischemic tissue and the mass of tissue 
that is potentially amenable to salvage. The left ven- 
tricle can be considered a portion of a spherical shell 
with an outer radius of 40 mm, a wall thickness of 10 mm 
and a specific gravity of 1.5. If it is further assumed that 
during a developing infarct the border zone is 10 mm 
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wide (5 mm on either side of the edge of visible cyanosis) 
several calculations can be made. Thus, for a circular 
ischemic area 40 mm in diameter, the ventricular mass 
contained within the visible edge is 14.2 g. However, the 
total ventricular mass affected, is 22.0 g, of which 13.9 
g is within the border zone. Thus, if the entire border 
zone could be therapeutically returned to normal, 63 
percent of the total affected mass could be salvageable. 
If the diameter of the ischemic area were 80 mm, then 
the corresponding figures are: 53.4 g of tissue within the 
visible edge and 66.1 g of affected tissue, 24.4 g of which 
lies within the border zone, yielding a salvageable por- 
tion of 37 percent. These calculations take into account 
the curvature of the ventricular wall; if the areas were 
based only on the rr? formula there would be a slight 
alteration in the magnitude of the tissue masses; how- 
ever, the salvageable percent would remain approxi- 
mately as given. Moreover, different geometric values 
could be selected for the left ventricle and the infarcted 
area; this would also modify the numbers, but the de- 
rived conclusions would remain the same. 

Although the size of a developing infarct cannot be 
as precisely defined as these calculations may suggest, 
two conclusions can be made: (1) for a given area of 
ischemia the total mass of affected tissue is greater than 
that contained within the visible edge of cyanosis, and 
(2) if the entire border zone can be salvaged therapeu- 
tically a very significant portion of the ischemic muscle 
can be saved from tissue necrosis. Conversely, if the 
border zone is not salvaged, more muscle necrosis will 
occur than that defined by the visible edge of the cya- 
notic zone. 

The width of the border zone may vary greatly and 
is determined by the steepness of the metabolic and flow 
gradients which in turn are probably influenced by the 
preexisting anatomy of the coronary arteries, the site 
and number of the ligatures and the degree and speed 
of collaterization. It may be that in species other than 
the dog, such as the baboon, the flow gradient is 
sharper® and hence the width of the border zone is 
smaller. In man, however, it appears that preexisting 
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collateral vessels may have developed in a number of 
patients before the onset of acute myocardial infarc- 
tion. 

Marcus et al.!* concluded that there was no evidence 
of a hyperperfused zone of myocardium surrounding the 
ischemic¢ area and that the flows to segments immedi- 
ately adjacent to severely ischemic segments were het- 
erogeneous. They further concluded that the concept 
of a geometrically clearly defined buffer zone (border 
zone) of moderately ischemic myocardium surrounding 
and separating severely ischemic myocardium from 
normally perfused myocardium could no longer be 
supported. However, our study reveals that the border 
zone may be rather narrow. Because the tissue segments 
taken by Marcus et al. were substantially larger (eight 
segments constituting the diameter of the left ventricle) 
than ours, we suggest that they could easily have missed 
the border zone. The shorter period of ischemia (5 
minutes) they used might also have created a signifi- 
cantly less stable area of ischemia. 

Conclusion: The results of this study illustrate the 
existence of several clearly defined geometric zones in 
the dog heart with acute regional ischemia. The perfu- 
sion characteristics and hence the degree of ischemia 
appear to be reflected accurately by the metabolic and 
electrophysiologic characteristics of each zone. The 
existence of a narrow but clearly definable border zone, 
characterized by maximal rates of change of flow, me- 
tabolism and electrophysiology, has been confirmed in 
our model. The border zone appears to be located on 
either side of the limit of the area of visible cyanosis. 
Although the border zone is narrow, a small movement 
in either direction (as a result of increasing ischemia or 
of some therapeutic intervention) could result in a 
substantial extension or salvage of the infarcting tis- 
sue. 
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The effect of reduction In anterlor septal arterial flow on the conduction 


system was studled In seven anesthetized dogs. After 2 hours of occlusion 
P-Q, A-H and H-V Intervals as well as atrioventricular nodal effective and 
functional refractory periods were significantly prolonged, sinoatrial 
conduction time was prolonged and the heart’ rate was decreased. The 
duration of the His bundle electrogram was significantly prolonged and 
the configuration altered. However, QRS duration did not prolong signif- 
icantly. Fifteen minutes after reperfusion, A-H interval, duration of the His 
bundle electrogram, effective refractory perlod and functional refractory 
period returned toward contro! values. However, the H-V and QRS Intervals 
as well as sInoatrlal conduction time were unchanged after reperfusion. 
Thus, reduction of anterlor septal arterial flow Influences not only the distal 
but also the proximal portion of the conduction system; the most vulnerable 
part is probably the His bundle. The distal portion of the conduction system 
is directly Influenced by Ischemia Itself, whereas the proximal portion Is 
influenced through other mechanisms induced by reduction of anterlor 
septal arterlal flow. 


Acute ischemic injury to the atrioventricular (A-V) conduction system 
in man is a major clinical problem.!~ In pathologic studies in man, 
controversy exists as to the relation between direct ischemic injury and 
the presence of A-V conduction disturbances. t245 In this regard, the 
A-V conduction system in man is supplied by a complex interaction from 
various portions of the left and right coronary arterial tree. However, 
in the dog, the septal artery supplies approximately 75 percent of the 
ventricular septum®’; this septal zone contains the bundle of His and 


. major portions of the right and left bundle branches.2-!-Thus, in the 


dog, one may produce isolated ischemia or infarction of the interven- 
tricular septum.® Nevertheless, only limited experimental information 
is available concerning the effect of diminished blood flow to the ven- 
tricular septum with regard to the electrophysiologic properties of the 
A-V conduction system.®1012-14 The object of this study was, therefore, 
to evaluate the electrophysiologic effects of isolated septal ischemia and 
subsequent reperfusion. 


Materlal and Methods 


Nine mongrel dogs weighing 23 to 30 kg were premedicated with 2 mg/kg body 
weight of morphine sulfate given intramuscularly. After 30 minutes, the dogs 
were then anesthetized with a mixture of 60 mg of sodium pentobarbital and 20 
percent ethyl carbamate given intravenously. The animals were intubated and 
ventilated with a Harvard respirator. A standard left thoracotomy was made 
through the fourth intercostal space and the heart was then cradled by peri- 
cardial stay sutures. 

Occlusion of the anterior septal artery: The left anterior descending and 
left circumflex arteries were identified and dissected free at the root of the aorta. 
Incision of the epicardium overlying the proximal portions of the left anterior 
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descending and left circumflex arteries permitted exposure 


of the anterior septal artery. This artery has acommon orifice - 


with the left anterior descending and circumflex coronary 
arteries and passes directly into the muscular portion of the 
ventricular septum (Fig. 1). A silk ligature was placed around 
the vessel to be occluded after control récords were taken. 
Occlusion was graded according to the development of P-Q 
prolongation without the development of more advanced A-V 
block or ventricular arrhythmias. Flow measurements of the 
degree of partial occlusion could not be made because of 
technical difficulty due to the anatomic location of the anterior 
septal artery. A stable degree of partial occlusion was main- 
tained for 2 hours in seven dogs; two dogs manifested ad- 
vanced A-V block after only 15 minutes of partial occlusion. 
Records were taken in the control state 2 hours after occlusion 
and 15 minutes after reperfusion. Rectal temperature was 
monitored throughout the experimental period. The animals 
were warmed by radiant heat and the temperature was 
maintained at 37 + 1.0° C, 

Electrophysiologic studies: The left femoral vein was 
isolated and a no. 6 French bipolar electrode pacing catheter 


was fluoroscopically positioned across the septal leaflet of the - 


tricuspid valve in order to record the His bundle electrogram. 
The right jugular vein was isolated and two bipolar electrode 


‘pacing catheters were inserted and positioned at the superior’ 


vena cava-right atrial junction to permit atrial pacing and 
recording of the atrial electrogram. Catheter interelectrode 
distances were 1 cm. The atrial and His bundle electrograms 
(40 to 500 hertz) were simultaneously recorded with standard 
electrocardiographic lead II (0.05 to 50 hertz) on photographic 
paper at a paper speed of 100 mm/sec utilizing a multitrace 
oscillographic recorder (Electronics for Medicine DR-16). 
‘Pacing was performed in the control stage of the experiment 
at rates of 110 to 190 beats/min in increments of 20 beats/mm. 


Great care was given to maintain stable catheter positions. 


throughout the experimental period. Catheter locations were 
-repeatedly checked with fluoroscopy during the experi- 
ment. 

Measurements were hale from the beginning of the first 
high frequency component of the atrial deflection to the His 
deflection (A-H time), from the His deflection to the onset of 
the Q wave (H-V time) and from the onset of the Q wave to the 
end of the QRS complex. In all cases the His bundle catheter 
was carefully manipulated to detect. any fragmentation of the 
His bundle depolarization. Subsequently, A-V refractory 
periods and sinoatrial conduction times were obtained using 


; the extrastimulus technique. The following intervals were 
i- measured: f 


ANTERIOR DESCENDING 


L L. COMMON CORONARY A. 


FIGURE 1. Anatomic course of the anterlor septal 
artery (A.) In the dog heart. This artery Is a major and 
proximal branch of the left (L.) maln coronary artery. 
Immediately after entering the ventricular system 
(area bounded by broken lines), the anterior septal 
artery runs obliquely toward the apex of the heart, 
giving off major and minor branches along tts course. 
IVC = Inférlor vena cava; Pulm. = pulmonary; R. = 
right; SVC = superior vena cava. 


Å-A: interval between atrial paced beats of supraven- 
tricular origin. 

A,-Ag: interval between the last stimulated beat and the 
induced atrial premature depolarization. . 

Ao-Az: interval between the atrial premature depolarization 
and the next occurring sinus beat. 

Hı-Hə: interval between the His deflection of the last 
stimulated beat and the His deflection of the atrial premauime 
depolarization. 

A-H interval between the low right atrial deplarizadon 


of the atrial premature depolarization and the resulting His ` 


bundle deflection. 
The A,-Ag and Ao-A; intervals were expressed as a percent 


` of the basic Aj~A, interval and plotted graphically. From this 


graph, sinoatrial conduction times were calculated using the 
method of Strauss et al.15 In addition, A-A and H;-He in- 
tervals were used to construct curves for the effective and 
functional refractory periods of the A-V node.1® All A-V nodal 
data were measured at a fixed pacing rate for all portions of 
the experimental protocol. 

At the termination of the experiment, the course of the 
septal artery was confirmed by both passage of a probe from 
the ostium to its distal ramification and anatomic dissection 
of the artery. 


Results — 5 


P-Q interval: In six of seven experiments, the P-Q 
interval was significantly prolonged at the 2 hour oc- 
clusion period (increase of 10.4 to 45.5 percent) (Fig. 2 
and 3). In one experiment, no significant P-Q prolon- 
gation occurred within 2 hours, but significant alteration 
of the configuration and duration of the His bundle 
electrogram was observed. Reperfusion ‘resulted in 
shortening of the P-Q interval but the interval remained 
longer than the control value. Partial occlusion de- 
creased the spontaneous heart rate in four dogs (12.4 to 
40.0 percent), but there was no significant change in the 
remaining three. Reperfusion returned the heart rate 
to control value in the four dogs with.sinus slowing (Fig. 
4). 

A-H interval: After 2 hours of occlusion, A-H time 
was significantly prolonged in all studies (P <0.05) (Fig. 
2 and 3). Fifteen minutes after reperfusion, the mea- 
surements returned almost to control values in three 
experiments; however, these three dogs had had rela- 
tively small changes (0.5 to 18.6 percent) 2 hours after 
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occlusion. In three additional dogs A-H time after re- 
perfusion was still longer than control value; these dogs 
had relatively greater percent changes (24.5 to 184.3 
_ percent) induced by partial occlusion. In the remaining 
dog the A-H interval was longer 15 minutes after re- 


perfusion than 2 hours after occlusion. 


FIQURE 2. Effects of anterlor septal arterial 
occlusion (Occl.) on electrophysiologic vari- 
ables, with values (mean + standard error of- 
the mean [M + SEM]) for duration of the A-H 
Interval, H-V interval, P-Q Interval and His 
bundle electrogram (EGM) In seven experl- 
ments. The horlzontal axis shows values 
during the control state, at the end of 2 hours 
of occlusion and after 15 minutes (min) of re- 
perfusion. The vertical axls shows the scale 
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H-V interval: Septal arterial occlusion produced 
significant prolongation of the His bundle electrogram 
and H-V interval (P <0.005 and P < 0.05) (Fig. 2). Re- 
perfusion significantly shortened the duration of the His 
electrogram but it was still significantly longer than the 


control value. After reperfusion, no significant change 


P-Q (msec) 


# p<0.08 
#4 p <O0.0I 
IH p <0.005 


© p <P.05 vs, Ocel 


ve. Control 


HV (msec) 





HIS EGM 
DURATION "See 






IO 






for the variables measured. N = number; p = Control Occlusion Reperfusion Control Occlusion Reperfusion 
probability. (2 hr) = (15 min) (2 hr) (15 min) 
. A. CONTROL 
HRA 
HR « 130/min 
SH« BO msec 
y a 
i A 
HBE H 
S 
ANAS) 
FIGURE 3. Effects of anterior septal arterial 500 msec 
occlusion. A, records obtalned in the con- : 
trol state before occlusion. The tracings Bo OCCLUSION C. REPERFUSION: 


are, from the top down, the high right atrial 
electrogram (HRA), the His bundle elec- 
trogram (HBE) and standard lead II (LII). A 
500 msec time calibration Is also indicated. 
B, results obtained 2 hours after occluston. 
Note the altered configuration of the Hls 
bundle electrogram and tts increased du- 
ration (23 msec). S-T depression is seen 
together with increases In all other varl- 
ables. C, results obtained 15 minutes after 
reperfusion. S-T segment depression is still 
prominent but shortening of the duration of 
the His bundle and S-H and H-V Intervals Is 
apparent. 











HR*/30/nin 
SHa 120 messo 
HY = 62 msec 

QRS: 49 msec 
HIS = 42 msec 
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in the prolonged His bundle electrogram {four dogs) was 
observed. In the remaining three dogs, the duration and 
configuration of the His electrogram returned to control 
values after reperfusion. 

Electrocardiographic configuration: In one dog 
alteration in QRS configuration (QR to QS) was ob- 
served, whereas in two other experiments, marked S-T 
depression was evident after partial occlusion. All 
electrocardiographic alterations remained after 15 
minutes of reperfusion (Fig. 3). 


QRS duration: Three of seven dogs had a prolonged 


QRS interval. The remaining four dogs had almost no 
change in the QRS duration (Fig. 4). After 15 minutes 
of reperfusion, QRS duration returned toward control 
values in six of the seven dogs. . 

A-V refractory periods: After 2 hours of occlusion 
there was a significant prolongation of the A-V nodal 


- effective (P <0.05) and functional (P <0.05) refractory 


periods. All dogs had prolongation of the effective re- 
fractory period and all but one had prolongation of the 
functional refractory period. After 15 minutes of re- 
perfusion there was still significant refractory period 
prolongation (effective refractory period: P <0.05 and 
functional refractory period: P <0.05) (Fig. 4). 

Sinoatrial conduction time:-Occlusion prolonged 
the sinoatrial conduction time (control 81.0 + 16.6 msec 
[mean + standard error of the mean]; 2 hours occlusion 
103.9 + 11.9). Reperfusion did not significantly alter the 
prolonged sinoatrial conduction time sept 102.4 
+ 13.6 msec). 


Discussion 


. In man, the His bundle area is dually supplied by the 
A-V nodal artery and the first septal branch of the left 
anterior descending coronary artery.'7 However, in the 
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FIGURE 4.. Effects of anterlor septal arterial 
‘occlusion on electrophysiotogic variables with 
values (mean + standard error of the mean) for 
spontaneous sinus rate (SR), QRS duration, 
effective (ERP) and functional (FRP) A-V nodal 
refractory periods for seven experiments. B = 


(15min) abbreviations as in Figure 2. 


dog, anatomic studies’ indicate that the proximal 
portion of the A-V junction is principally supplied by 
the posterior septal artery area. The His bundle and the 
proximal bundle branches receive their blood supply 


only from the anterior septal artery.18 Therefore, oc-. 


clusion of the anterior septal artery will allow for more 
definitive study of the effects of acute ischemia (and 
reperfusion) on the electrophysiologic properties in this 
region of the conduction system. 

Previous studies!%11,19-22 demonstrated conflicting 
electrophysiologic results with regard to ligation of the 
anterior and posterior septal arteries. Various degrees 
of A-V conduction delay has been reported with occlu- 
sion of the anterior or posterior septal artery, or both. 
El-Sherif et al.!? reported that 26 of 38 dogs manifested 
block within the His bundle after occlusion of the an- 
terior septal artery. Furthermore, in the first 4 hours 
after occlusion of this artery,!4 the most severe elec- 
trophysiologic cell alterations were within the His 
bundle and proximal bundle branches. 


Effect of anterior septal arterial occlusion on l 


conduction in bundle of His and bundle branches: 
This background information suggests that acute oc- 
clusion of the anterior septal artery would (1) prolong 
the duration of the His bundle electrogram, (2) prolong 
the H-V interval, and (3) produce bundle branch block. 
Our data with acute occlusion of this artery demon- 
strated a prompt and significant prolongation of the 
H-V interval. This prolongation was associated with 
prolongation of the His electrogram. After reperfusion, 
the H-V interval returned to control values in four dogs; 
the prolongation continued in the remaining three dogs. 
Further analysis of the data demonstrated that after 
reperfusion these latter dogs had continued abnor- 
malities of the His bundle electrogram that accounted 
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for the continued prolongation of H-V time. This latter , 


observation’ would be anticipated in light of the variable 
degree of ischemia produced and the vulnerability of 
this area supplied by the anterior septal artery. Nev- 
ertheless, it is possible that occlusion of greater degree 
was produced in these three dogs, thus accounting for 
the failure to respond to reperfusion. However, bundle 


branch block was not observed in the surface electro- ` 
cardiographic recordings in any of our dogs during oc- . 


clusion or on reperfusion. This finding is undoubtedly 
correlated with the degree of conduction delay caused 
by the duration and degree of the anterior septal arterial 
occlusion produced with our technique. 

Effect on A-V nodal conduction (split His bundle 
potentials): Our experimental data demonstrated some 
unanticipated results. Although the posterior septal 
artery of the dog supplies the proximal area of the A-V 
conduction system, A-H intervals were prolonged in our 
experimental model with occlusion of the anterior septal 
artery. It is possible that His bundle conduction delay 
may account for this “A-V nodal” conduction delay. In 
this regard, El-Sherif et al.!? pointed out that split His 
bundle electrograms were occasionally recorded with 
anterior septal arterial occlusion. These cases were 
diagnosed with difficulty because of the small amplitude 
deflections. Nevertheless, all cases in our series had 
detailed observations of the electrographic recordings 
and no evidence of split His potentials was observed. 

The explanation for our failure to record split His 

‘potentials may be related to the degree of ischemia. In 
keeping with the concept is the observation that in our 
studies, the duration of the His bundle electrogram was 
prolonged. After reperfusion, the A-H interval returned 
to or near control values in six of seven cases. In the one 
experiment in which the A-H interval continued to be 
prolonged after reperfusion the H-V interval returned 
toward control level during reperfusion. This observa- 
tion should support the concept that multiple factors 
are operative on A-V conduction characteristics during 
ischemia and reperfusion. Poteritial explanations for 
this unanticipated prolongation of A-V nodal conduc- 
tion time can be considered in terms of direct and in- 
direct influences of anterior septal arterial occlusion on 
A-V nodal function. These factors include effects of 
local electrolyte concentration, reflex vagal tone, release 
of neurohumoral agents, alterations in posterior septal 
arterial blood flow and differential effects of various 
sites in the A-V conducting system. 1:24,11,20,23-28 


SEPTAL ARTERIAL OCCLUSION-—YAMAGUCHI ET AL. 


Effects on sinus node and sinoatrial conduction: 
Sinoatrial conduction time was prolonged and heart rate 
decreased after anterior septal arterial occlusion. In the 
dog, the blood supply to the sinus node is almost ex- 
clusively from a branch of the right coronary artery.29°0 
However, smaller arteries, derived from both the left 
and right coronary arteries, are seen in the sinus nodal 
region; in the dog, the anastomoses between these 
neighboring arteries are particularly rich.23! Thus, our 
observation that sinoatrial conduction was prolonged 
by partial occlusion of the anterior septal artery cannot 
be explained solely by abnormalities of blood supply to 
the sinoatrial node. The effects on the sinus node 
therefore appear to be indirect, possibly related to al- 
terations in autonomic tone, differential effects on the 
perinodal zone and anesthetic effects.32° Nevertheless, 
prompt correction occurred after reperfusion. 

Clinical correlation: Rosen et al. reported that 
patients with diaphragmatic (inferior) myocardial in- 
farction manifested slowing or block above the bundle 
of His and A-V junctional escape rhythms during peri- 
ods of advanced or complete block. Moreover, they 
observed that additional patients with diaphragmatic 
myocardial infarction had block in the His bundle 
characterized by normal H-Q intervals and absence of 
a widened QRS complex. In contrast, patients with 
anterior infarction manifested complete block below the 
bundle of His and idioventricular escape, in which they 
had a normal P-H interval, and A-V conduction was 
considered unaffected. Hunt et al.ë had similar findings 
experimentally analyzing electrophysiologic, anatomic 
and histopathologic aspects. 

Differences between our data in the dog and obser- 
vations in man may depend upon anatomic differences, 
that is, origin of arteries supplying the area of the con- 
duction system and anastomoses of those arteries, as 
well as the degree of ischemia. produced by clinical 
myocardial infarction. It is of interest to note that re- 
perfusion does not necessarily promptly restore normal 
conduction even after acute (2 hour) coronary occlusion. 
Our data underscore the complex interaction of nu- 
merous factors that may play a role in conduction dis- 
orders associated with acute myocardial ischemia in 
man. 


Acknowledgment 


We acknowledge the editorial assistance of Mrs. Betty 
Garrigues. 


References 


1. Blondeau M, Maurice P, Reverdy V, et al: Troubles du rhythme 
et de la conduction auriculo-ventriculalre dans I’Infarctus du 
myocarde récent. Considerations anatomiques. Arch Mal Coeur 

<- 60:1733-1751, 1967 

2. Sutton V, Davies M: The conduction system In acute myocardial 
infarction complicated by heart block. Circulation 38:987-992, 
1968 

3. Rosen KM, Loeb HS, Chuquimla R, et al: Site of heart block in 
acute myocardial Infarctlon. Circulation 42:925-933, 1970 

4. Hackel DB, Wagner G, Ratliff NB, et al: Anatomic studles of the 


- November 1977 





cardiac 
J 83:77-81, 1972 

5. Hum D, Lie JT, Vohra J, et al: Histopathology of heart block 
complicating acute myocardial infarction. Correlation with the His 
bundle electrogram. Circulation 48:1252-1261, 1973 

6. Donald DE, Essex HE: The canine septa! coronary artery. An an- 
atomic and electrocardiographic study. Am J Physiol 176: 143-154, 
1954 

7. Blalr E: Anatomy of the ventricular coronary arteries in the dog. 


system in acute myocardial infarction. Am Heart 


Circ Res 9:333-341, 1961 


The American Journal of CARDIOLOGY Volume 40 731 





SEPTAL ARTERIAL OCCLUSION—YAMAGUCHI ET AL. 


E 


10. 


12. 


13. 


14. 


15. 


Lumb G, Shackiett RS, Dawkins WA: The cardiac conduction 


tissue and tts blood supply In the dog. Am J Pathol 35:467-487, 


1959 


. James TN: Anatomy of the A-V node of the dog. Anat Rec 148: 


15-27, 1964 

Hashiba K, Katayama T, Takahashi A, et al: Atrio-ventricular block 
produced by ligation of septal arteries In the dog. Jpn Heart J 6: 
256-267, 1965 


. Jackre! J, Miller JA, Schechter FG, et al: Atriovéniriċulér con- 


duction following ligation of the anterior septal artery in the dog. 
Am J Cardio! 25:552-561, 1970 

El-Sherif N, Scherlag BJ, Lazzara R: Conduction disorders in the 
canine proximal His-Purklnje system following acute myocardial 
ischemla. |. The pathophysiology of Intra-His block. Circulation 
49:837-847, 1974 


El-Sherif N, Scheriag BJ, Lazzara R: Conduction disorders in the 


canine proximal His-Purkinje system following acute myocardial 
Ischemla. I}. The pathophysiology of bilateral bundie branch block. 
Circulation 49:848-857, 1974 

Lazzara R, El-Sherif N, Scherlag BJ: Disorders of cellular elec- 
trophysiology produced by ischemia of the canine Hls bundle. Circ 
Res 36:444-454, 1975 

Strauss HC, Saroff AL, Bigger JT, et ak Premature atrial stimulation 
as a key to the understanding of sinoatrial conduction in man. 
Presentation of data and critical review of the literature. Circulation 


` 47:86-93, 1973 


16. 
17. 
148/ 


19. 
20. 
2i. 


22. 


23. 


4 


732 


Wit AL, Welss MB, Berkowitz WD: Patterns of atrioventricular 


‘conduction in the human heart. Circ Res 27:345-359, 1970 


Frink RJ, James TN: Normal blood supply to the human His bundle 
and proximal bundle branches. Circulation 67:8-18, 1973 

Miller ME: Anatomy of the Dog. Philadelphia, WB Saunders, 1964, 
p 285 


Rozman AL, Plera J, Michaels L, et al: Injection studies of arterlal - 


supply of the interventricular septum of the dog. Am J Cardiol 
10:447-452, 1962 

Hashimoto K, Iljima T, Hashimoto K, et al: Isolated and cross- 
circulated AV node preparation of the dog. Tohoku J Exp. Med 
107:263-275, 1972 

Hoffman BF, Paes de Carvalho A, Mello WC, et al: Electrical 
activity of single fibers of the atrioventricular node. Circ Res 7: 
11-18, 1959 

Hoffman BF, Cranefield PF: Electrophysiology of the Heart. New 
York, McGraw HIII, 1960 

Titus JL: Anatomy of the conductlon system. Clrculation 47: 
170-177, 1973 


November 1977 The American Journal of CARDIOLOGY Volume 40 





24. 


25. 


26. 


27. 


28. 


37. 


38. 


39. 


49. 


en eee 


. 


Udelnov MG: The role of'necrosls in the orlgin of electrocardlo- 
graphic alterations characteristic of myocardial infarction. Circu- 
lation 24:110-122, 1961 

Motomura S, liJima T, Taira N, et al: Effects of neurotransmitters 
Injected Into the posterior and the anterior septal artery on the 
automaticity of the atrioventricular junctional: area of the dog heart. 
Circ Res 37:146-155, 1975 

Berkowitz WD, Wit AL; Lau SH, et al: The effects of propranolol 


‘on cardiac conduction. Circulation 40:855-862, 1969 


Corr PB, Gillis RA: Role of the vagus nerves In the cardiovascular 
changes induced by coronary occlusion. Circulation 49:86-97, 
1974 

Myers RW, Peariman AS, Hyman RM, et al: Beneficial effects of 
vagal stimulation and bradycardia during experimenta! acute 
myocardial ischemia. Clrculation 49:943-947, 1974 


. Halpern MH: Arterial supply to the nodal tissue In the dog heart. 


Circulation 9:547-553, 1954 


. James TN: Anatomy of the sinus node of the dog. Anat Rec 143: 


251-265, 1962 


. James TN: Anatomy of the Coronary Arteries. New York, Paul B. 


Hoeber, 1961, p 162-211 


. Nonidez JF: The structure and innervation of the conductive system 
of the heart of the dog and rhesus monkey as seen with silver im- _ 


pregnation technique. Am Heart J 26:577-597, 1943 


. Randall WC, Rohse WG: The augmentor action of the sympathetic 
cardiac nerves. Circ Res 4:470- 475, 1956 ; 
. Randall WC, Priola DV, Ulmer RH: A functional study of cardiac 


sympathetic nerves. Am J Physiol 205:1227-1231, 1963 


. Steiner SH, Calvin JR: Pentobarbital anesthesia induced alterations 


in hemodynamics and blood gases In normal dogs (abstr). Clin Res 
12:339, 1964 , 


. Bass BG, Buckley NM: Chioralose anesthesia In the dog: a study 


of drug actions and analytical methodology. Am J Physiol 210: 
854-862, 1966 
Olmsted F, Page IH: Hemodynamic changes in dogs caused by 


sodium pentobarbital anesthesia. Am J Physlol 210:817-820, | 


1968 

Korner Pl, Uther JB, Walte SW: Circulatory effects of chlor- 
alose-urethane and sodium pentobarbitone anesthesia In the rabbit. 
J Physiol 199:253-265, 1968 


Giles TD, Quiroz AC, Burch GE: Hemodynamic alterations pro- . 


duced by prolonged urethane anesthesia in the infarct dog. Am 
Heart J 78:281-282, 1969 

Peng TC, Cooper CW, Munson PL: The hypocalcemic effect of 
urethane in rats. J Pharmacol Exp Ther 182:522-527, 1972 


zA 
` 





Continuous Concealed Ventricular Arrhythmias 


RONALD R. HOPE, MB, FRACP 
BENJAMIN J. SCHERLAG, PhD, FACC 
NABIL EL-SHERIF, MD 

RALPH LAZZARA, MD, FACC 


Miami, Florida 


From the Section of Cardiology, Veterans Ad- 
ministration Hospital, and the Divislon of Cardi- 
ology, University of Milam! School of Medicine, 
Mlami, Florida. This study was supported In part 
by Grant R01 HL-18139 from the National Insti- 
tutes of Health, Bethesda, Maryland. Manuscript 
received March 10,, 1977; revised manuscript 
received May 9, 1977, accepted May 11, 1977. 

Address for reprints: Ronald R. Hope, MB, 
Veterans Administration Hospital, 1201 Northwest 
16th Street, Miami, Florida 33125. 





` 


Twenty dogs were studied 3 to 9 days after myocardial Infarction. None 


had ventricular arrhythmias during sinus rhythm, and ventricular auto- 
maticity (as revealed by sinus nodal crush procedure or vagal stimulation, 
or both) was within the normal range. With regular atrlal pacing or pacing 
with long-short cycle sequences It was possible to Induce ventricular 
arrhythmias In all animals. Quadrigeminal and pentageminal rhythms (19 
of 20 dogs) and trigeminal (17 of 20) and bigeminal ventricular rhythms 
(8 of 20) were observed. These rhythms which were manifest or partlally 
or entirely concealed were always assoclated with delayed and frac- 
tlonated electrical activity within the “infarcted” subepicardium. Con- 
tinuous electrical activity (electrical activity that bridged the Interval 
between two or more successive beats) was recorded from the Infarct 
zone. Such activity either was manifest as ventricular arrhythmia during 
atrial pacing or remained concealed until atrial pacing was stopped and 
then was manttest as ventricular tachycardla. 


- Deductive analysis of electrocardiograms has provided circumstantial 


evidence of both manifest and concealed ventricular reentrant 
rhythms. Mathematical formulas have even been derived to describe 
various reentrant rhythms?-5 characterized by regular intermittent 


` appearances of ventricular premature beats, that is, regular bigeminy 


or trigeminy. Continuous electrical activity during stable reentry has 
not been documented, and proof of reentry has been lacking. In recent 
studies” we described an experimental model using direct recording 


. from potential reentry circuits. As. previously postulated," reentrant 


ventricular beats should be preceded by continuous electrical activity 
that bridges the interval from the initiating to-the reentrant beat. In this 
study, dogs in the late postmyccardial infarction period (3 to 9 days after 
coronary arterial ligation) were studied using direct recordings from the 
“infarcted” epicardium. 

The study provides direct evidence for patterns of continuous activity 
in the infarct zone. This ischemic zone activity may be expressed in the 
surface electrocardiogram as ventricular arrhythmia or may remain 
concealed. Furthermore; direct recordings from the reentrant pathways 
provide possible explanations for the occurrence of intermittent ven- 


- tricular ectopic beats or both manifest and concealed ventricular 


tachycardias. 


Materlals and Methods 


Experiments were performed in 20 adult mongrel dogs weighing 10 to 80 kg 
and anesthetized with intravenously administered sodium pentobarbital (30 
mg/kg body weight). A Harvard respirator provided mechanical ventilation of 


the lungs with room air through a cuffed endotracheal tube. A left thoracotomy ` 


in the fourth intercostal space was performed and the left anterior descending 
coronary artery exposed below the origin of the anterior septal branch. A silk 
peice was placed around the artery and me artery oceluded. 
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CONTINUOUS CONCEALED REENTRY—HOPE ET AL. 


TABLE | 








Types of Ventricular Arrhythmla in 20 Dogs 
no. 
BigemiIny (2:1) 8 dogs © 
Trigeminy (3:1) 17 dogs 
Quadrigeminy (4:1, 5:1, etc.) 19 dogs 
Ventricular tachycardia 12 dogs 


18-94 beats/min 
(average 41 beats/min) 


` Automaticity 





Instrumentation and recordings: Three to 10 days later, 
each animal underwent further surgery with use of the same 
anesthetic and ventilatory procedures. The heart was exposed 
through a right thoracotomy in the fourth intercostal space. 
The pericardium was opened. To obtain long diastolic inter- 
vals (slow heart rates) the sinus nodal area was crushed with 
a Satinsky clamp. The entire sinus node and the adjacent area 
were resected and the adjacent edges of the atrium sutured 
before the clamp was removed. The pericardium was then 
repaired, the incision closed and the animal placed on its right 
side. A left thoracotomy was performed and the pericardium 
incised. A large multipolar “paper” electrode!*13 was placed 
over the surface of the infarcted myocardium and held se- 
curely in place by the pericardium. Two to three pairs of fine 
Teflon®-coated stainless steel wires (diameter 0.005 inch 
{0.0127 cm]) were inserted into the epicardium through a 25 
gauge needle 1 1/2 inches (3.81 cm) in length and positioned 
in subepicardial areas within and adjacent to the infarcted 


` area. These were used to obtain local electrograms and to ` 


perform ventricular pacing from these sites. Atrial pacing was 
achieved by delivery of electrical pulses of 2 to 10 volts and 2 
msec duration 50 to 300 times/min through stainless steel 
wires (diameter 0.005 inch) inserted into the left atrial ap- 
pendage. An S88 Grass stimulator and SIU-5 isolation unit 
were used. A common carotid artery was exposed in the neck 
and ano. 5 French catheter with ring electrodes 10 mm apart 
used to obtain His bundle recordings at the aortic root. Vagal 
stimulation, used to stop temporarily supraventricular activity 
and to prevent atrioventricular (A-V) conduction, was ac- 
complished with delivery of 0.05 msec rectangular wave pulses 
of 1 to 20 volts intensity at a frequency of 20 hertz through 
silver wire electrodes inserted into the left or right cervical 
vagosympathetic trunk, or both.'4 

All records were obtained on a multichannel oscilloscope 
photographic recorder (Electronics for Medicine, DR-12) at 
paper speeds of 50 to 200 mm/sec with filter frequencies of 0.1 
to 200 hertz for electrocardiographic leads and 40 to 200 hertz 
for electrographic recordings and the His bundle electrograma. 
All recordings were made on a magnetic tape recorder (Hon- 
eywell 5700) and replayed so that selected sections could be 
transferred to photographic paper for detailed analysis. 
Measurements were accurate up to +3 msec at a paper speed 
of 200 mm/sec. 

Procedure: Control records were obtained during sinus 
rhythm before the sinus crush procedure, after the crush 
procedure and also during vagal slowing of the heart. Atrial 
pacing was performed utilizing rates just faster than existing 
slow atrial rates after sinus crush, up to rates that produced 
Wenckebach block within the A-V node. Over this wide range 
of heart rates (50 to 350 beats/min) several methods of atrial 
stimulation were used. Regular pacing with (1) gradual 
changes in rate, and (2) abrupt asystolic pauses of variable 
duration was carried out in each animal. In addition, regular 
atrial pacing with introduction of occasional atrial premature 
beats was examined. Thus, of these three pacing methods, the 








FIGURE 1. Ventricular quadrigeminal rhythm In a dog 4 days after 
myocardial Infarction. Electrocardlographic leads |l (2) and aVR In the 
upper panel are continuous with those tracings In the lower panel. The 
complete A-V block induced by vagal stlmulation (VS) indicates that 
enhanced ventricutar Atomatic does not underly the supraventricular 
rhythm. 


last two had in common the presence of long-short cycle se- 
quences. These same pacing methods were carried out with 
His bundle pacing instead of atrial pacing in 8 of the 20 dogs. 
In those animals with A-V nodal Wenckebach block at rates 
of 200 to 240 beats/min, His bundle pacing achieved maximal 
stimulated heart rates comparable with those of the other dogs- 
(up to 350 beats/min). 

During' the procedure, areas of maximal epicardial activa- 
tion delay were sought within the infarcted area. This was 
achieved by varying the position of either the multipolar paper 
electrode or the bipolar wire electrodes within the infarct zone. 
No animals were resuscitated from ventricular fibrillation 
during the course of these experiments. 


Results 


_ The types of ventricular arrhythmias seen are listed 
in Table I. The dogs were studied 3 to 9.days. (average 
5 days) after myocardial infarction was induced. 
Underlying ventricular automaticity as revealed by 
sinus nodal crush procedure or vagal stimulation, or 
both, averaged 41 beats/min (range 18 to 94). No animal 
had ventricular arrhythmias during sinus rhythm. 
However, when the atrial pacing techniques were used, 
ventricular arrthythmias were demonstrated in all cases. 
Detailed assessment of the variable responses to the 
different pacing procedures is the subject of other re- 
ports from this laboratory.®-”-1516 Quadrigeminal and 
pentageminal ventricular rhythms were seen in 19 of 20 
dogs (Table I). Trigeminal (17 of 20 dogs) and regular 
ventricular bigeminal rhythms (8 of 20 dogs) were less 
frequently observed. These rhythms were either con- 
cealed or manifest or, more. often, variably manifest 
(and thus partially concealed). The terms “manifest” ` 
and “concealed” were respectively applied when re- 
curring patterns of delayed electrical activity in the 
infarct zone were or were not accompanied by evidence 
of ventricular arrhythmias in the surface electrocardi- 
ogram. l 
Evidence of continuous electrical activity was seen 
in the electrograms from the epicardium or subepicar- 
dium, or both, of the infarct zone in all animals.' Con- 
tinuous activity was defined as electrical activity that 
bridged the entire interval between two or more suc- 
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FIGURE 2. Bigeminal rhythm in a dog 5 days after myocardial infarction. 
A, surface electrocardlographic lead |! (L2), His bundle electrogram (Hb 
eg) and two infarct zone electrograms (IZ eg) obtained during a relativety 
slow heart rate (R-R interval = 800 msec). B, same recordings have 
altered during a faster atrial pacing rate (R-R interval = 310 msec). See 
text for discussion. 


cessive beats. That is, electrical activity as recorded by 
an electrogram was continuous if it persisted throughout 
one or more cardiac cycles. 


Illustrative Experiments 


Figure 1 shows a ventricular quadrigeminal rhythm in a dog 
4 days after myocardial infarction. The presence of complete 
A-V nodal block, induced by vagal stimulation, indicates that 
there was no enhanced ventricular automaticity underlying 
the supraventricular rhythm. Thus, increased ventricular 
automaticity induced by the infarct is an unlikely explanation 
for the quadrigeminal rhythm. The tracing is typical of those 
of all the dogs in that ventricular automaticity was not in- 
creased, a finding confirmed in each case with vagal stimula- 
tion (as in Fig. 1) or cessation of atrial pacing, or both, in those 
animals with slow nodal escape rhythms after sinus crush. 
Previous reports®-10.17-19 have documented the loss of po- 
tential, fractionation and delay of recorded electrical activity 
within the infarct zone. In our study, the extent of these 
changes was in part related to the effect of heart rate and 
abrupt rhythm changes in similar fashion to the responses 
after acute myocardial infarction.® 

Figure 2 shows the commencement of a bigeminal rhythm 
in a dog with a 5 day old. myocardial infarction. Panel A il- 
lustrates the surface electrocardiographic lead I, His bundle 
electrogram and two ischemic zone electrograms obtained 
during a relatively slow heart rate (R-R interval = 800 msec). 
In panel B both ischemic zone electrograms have altered as 
a function of the faster pacing rate (R-R interval = 310 msec). 
The sharply inscribed electrograms of panel A contrast with 
the decreased amplitude, fractionation and marked delay of 
activation in panel B. The heterogeneous nature of the isch- 
emic zone is illustrated by the difference in electrical activa- 
tion of the two bipolar recordings within the infarct zone. 
There is a 2:1 variation of these patterns of fractionation and 
delay in the lower recording. In addition, a superimposed al- 
ternating Wenckebach-like behavior is seen with increasing 
fractionation and delay of alternate cycles. Electrical activity 
as manifested in the lower recording becomes continuous 
between alternate beats. This pattern of underlying electrical 
activity, initially concealed, eventually is expressed in the 
electrocardiogram as an emerging ventricular bigeminal 
rhythm. Similar patterns of underlying electrical activity 
accounted for other forms of ventricular rhythms, such as 
trigeminy and quadrigeminy. 
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FIGURE 3. Concealed trigeminal rhythm In a dog 6 days after myocardial 
infarction. Electrocardiographic lead II (L2), His bundle electrogram (Hb 
eg) and two Infarct zone electrograms (IZ eg) recorded during sinus 
rhythm (R-R Interval = 320 msec; first two beats of figure), during atrial 
pacing at a faster rate (R-R interval = 220 msec) and after cessation 
of atrlal pacing. Arrowheads Indicate Wenckebach-like sequence of 
atrlal activation delay; VT = ventricular tachycardia. See text for dis- 
cussion. 


Figure 3 shows a concealed: trigeminal rhythm in a dog 





studied 6 days after myocardial infarction. The electrographic | 


recordings are neither appreciably delayed nor fractionated 
during sinus rhythm (R-R interval = 320 msec). The com- 
mencement of atrial pacing at a faster rate (R-R interval = 220 
msec) induces fractionation and delay of the electrographic 
potential. A stable and recurring Wenckebach-like sequence 
of delayed electrical activity recorded from a portion of the 
infarct zone is seen in the upper ischemic zone electrocardi- 
ogram. Simultaneously, another area of the ischemic zone 
(lower tracing) demonstrates minimal delay of activation. 
Cessation of pacing after any beat with maximal electro- 
graphic fractionation consistently resulted in one or more 
ventricular ectopic beats. In this case, cessation of atrial pacing 
at the time of maximal electrographic fractionation and delay 
results in a reentrant ventricular ectopic beat. Ventricular 
tachycardia follows. During ventricular tachycardia low level 
electrical activity continues between electrograms but has a 
different wave form from that seen during the concealed tri- 
geminy. As expected, ventricular ectopic beats did not occur 
when pacing was stopped after the first (minimal electro- 
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FIGURE 4. At a specific atrial pacing rate (R-R interval = 155 msec), 
there are irregular changes In the configuration of many beats (aster- 
Isks) suggesting fusion with a partly concealed ventricular rhythm (A 
through C). D, recorded durlng cessation of atrial pacing in this animal 
with myocardial Infarction and sinus crush, reveals a normal slow 
ventricular automacity (49 beats/min) with escape beats of a different 
configuration from that of the ectopic beats of A through C. 
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FIGURE 5. Sinus rhythm (A) and His bundle pacing (Hb Pace) at In- 
creasingly faster rates (B through E). Standard electrocardlographic 
‘eads II (L2) and aVR together with electrograms from the normal zone 
(NZ eg) and infarct zone (IZ eg) are recorded. See text for discus- 
sion. 


graphic delay) or third beat (delayed component of electro- ` 


gram. blocked) of the concealed Wenckebach cycle during 

- atrial pacing. > 
Figure 4 illustrates that at a specific aial pacing rate (R-R 
interval = 155 msec), irregular changes in the configuration 
of many beats occur, suggesting fusion with a partly concealed 
ventricular rhythm. Ventricular ectopic beats are also seen, 


` either singly or in pairs. Discontinuation of atrial pacing (panel . 


D) in this animal previously subjected to sinus nodal crushing 
reveals a normal slow ventricular automaticity (49 beats/min) 
of different configuration from those ventricular beats in the 


' upper panels. All ventricular premature beats as well as fusion - 


beats seen in this figure were abolished when the atrial pacing 
tate was increased or decreased by as few as 5 beats/min. 
Findings were similar in 12 dogs at heart rates peculiar to each 
dog. In 10 of these dogs, areas within the infarcted epicardium 
or subepicardium exhibited continuous and seemingly chaotic 
activity. These electrical phenomena are evident in Figures 
: Band 6. 
Figure 6 depicts normal sinus rhythm and then His bundle 
pacing at increasingly faster rates (panels A through E). (His 
. bundle pacing was utilized in some animals to overcome A-V 
block at relatively slow atrial pacing rates.) The electrographic 
epicardial recording from the infarcted zone shows increasing 
fractionation and delay as a function of increasing heart rate. 
Nevertheless, at transient rapid rates (R-R interval = 160 
msec) the pattern of electrographic fractionation remains 
relatively constant from beat to beat. 








. FIGURE 6. Tracings from the same experiment shown In Figure 5 dis- 
plays the same electrocardiographic leads and electrogram after His 
bundle pacing for 3 minutes RR Interval = 170 msec). See text for 
discussion. 
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Figure 6, taken from the same experiment, shows that af 
pacing for 3 minutes (R-R interval = 170 msec [that is, slow 
than the pacing rate depicted in Figure 5, panel EJ), electi 
graphic ‘fractionation has become extreme with delay 


electrical activity continuing up to (and perhaps beyond?) t 


electrogram of each succeeding beat. The continuous electri 
activity in the ischemic zone remains concealed until t 
pacing rate is slowed gradually, allowing fusion beats a: 
eventually ventricular tachycardia to become manifest. 
Figures 5 and 6 both the initial portion and latter portions 
the ischemic zone electrograms show fractionation. Duri 
these experiments we observed fractionation of the init. 
portion of the ischemic zone electrograms regularly precedi 
ventricular tachycardia in addition to the more comm 
fractionation and delay of the terminal portion of each ele 
trogram. - 
"Discussion 

Continuous electrical activity in ischemic zo! 
as a marker of reentry: The role of reentry in ve 
tricular arrhythmias, induced by acute myocard: 
ischemia and infarction has received considerable £ 
tention in the past few years.9:10:12,17,19,20 Of significan 
are reports!?.13,21,22 indicating fractionation and del. 
of myocardial electrograms extending into the S. 
segment and beyond the T wave leading to ventricul 
arrhythmias. However, the acutely ischemic hee 
presents drawbacks to the study of reentrant arrhyt 
mias. The time during which arrhythmias occur’ 
usually limited to the first 15 to 30 minutes after'cor 
nary arterial ligation,’ and the changes in electrograpt 
configuration and duration are dynamic.®!2,21 In a 
dition, the variability and sudden onset of arrhythmi 
and the high mortality rate inhibit adequate comparis: 


. and observations. Recently we!’ reported on the use 


a more stable preparation for the study of reentra 
arrhythmias 'in the setting of myocardial infarctic 
Threé to 9 days after coronary arterial ligation, ve 
tricular arrhythmias can be induced by regular atri 
pacing, premature atrial or ventricular beats or by t: 
introduction of pauses into the cardiac rhythm. Mor 
over, the use of a composite electrode secured to t 
“infarcted” epicardium records continuous electric 
activity that bridges the diastolic interval preceding t 
reentrant beats. 
In this and previous studies®.715.16 we have utiliz: 
this demonstration of continuous electrical activity. 


.a marker of reentry. We cannot entirely rule out t 


possibility of abnormal automaticity?’ or triggér 
automaticity.28 However, the close association 
bridging electrical activation between normal ai 
ventricular ectopic activity is suggestive of a reentra 
mechanism. Moreover, the use of vagal suppression 
supraventricular rhythm consistently revealed unde 
lying ventricular rhythms that were slow and usually 
a different.QRS configuration trom those induced |] 
atrial pacing (Fig. 4). 

Nature of reentry rhythms in the “infarcte: 
zone: With the use of a marker for reentry, further i 
sights could be gained into the nature of reentra 
rhythms in this experimental preparation. In a rece 
study,’ Wenckebach-like progressive delay-of electr 
grams was shown to precede and ultimately result 





ventricular premature beats. Two examples are shown 
in this study (Fig. 2 and 3), and intermittent conceal- 
ment of the extrasystoles has been demonstrated. 
Others!!.29 have suggested that block in reentrant 
pathways may produce concealment. A recent report 
from our laboratory! has shown that this is not always 
true and suggested that excitation of the terminal part 
of the reentrant circuit by normal antegrade impulses 


prevents the reentrant beats from penetrating into the - 


normal myocardium. That this is one likely explanation 
is shown in Figure 3, in which concealment occurs dur- 
ing pacing but reentry is manifest after abrupt termi- 
nation of pacing after a beat showing delayed activa- 
tion. 


Forms of ventricular stopit rhythms: Two forms ` 


were seen in our study: intermittent ventricular pre- 
mature beats, usually in regular coupled sequences or 
groups (trigeminy, quadrigeminy, and so forth), and 
short or sustained runs of ventricular tachycardia. 
Electrophysiologically these two forms of arrhythmia 
were related to different observations. In the former, the 
terminal component of each electrogram recorded from 
the “infarcted” zone showed progressive fractionation 
and delay into the S-T segment, T wave and beyond.®" 
At a given heart rate, this regular delay in a Wenckebach 
fashion correlated with the regular appearance of a 
ventricular premature beat that occurred when portions 
of the electrogram showed maximal delay. On the other 
hand, at rapid heart rates the terminal portion of the 
ischemic zone potential was delayed and blocked, usu- 
ally in a 2:1 fashion.®’ However, at these rates the initial 
part of the ischemic zone potential also showed frac- 
tionation and delay. A Wenckebach form of delay 
leading to block was not evident in these instances. In- 


stead, the fractionated activity appeared relatively ..- 


constant in each cardiac cycle but extended throughout 
the diastolic interval and resulted in sustained ven- 
tricular tachycardia when the initiating heart rate 
reached a critical level (Fig. 5 and 6). The supraven- 
tricular rhythm suppressed or masked the ventricular 
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tachycardia although the characteristic fractionated 
activity persisted throughout each cardiac cycle. Thus, 
electrical activity was continuous but concealed in the 
electrocardiogram. The basis of this concealment may 
be due to the ability of the supraventricular impulse to 
depolarize a portion of the reentrant pathway before its 
exit to normal tissue or to the low safety factor of the 
fractionated wave front, or both. In a previous report!5 
we demonstrated that premature stimulation (atrial or 
ventricular) can more completely depolarize the reen- 
trant pathway, thus terminating the ventricular 
tachycardia and the continuous electrical activity. 
‘Implications: From a basic electrophysiologic 
standpoint these studies suggest that the “infarcted” 
epicardium is composed of at least two populations of 
abnormal cells. One group demonstrates electrical ac- 


‘tivity that fractionates in a Wenckebach cycle at rela- 


tively slow rates producing coupled ventricular ectopic 
beats: The other shows activity that fractionates ex- 
tensively without progressive delay‘and block and can 


. provide the basis of a sustained ventricular tachycardia. 


This postulate is consonant with recent in vitro findings 
from our laboratory. Lazzara et al. (unpublished data), 
in studies of infarcted epicardium taken from hearts 3 
to 10 days after myocardial infarction, showed different 
responsiveness of “sick” cells to hypoxia, potassium and 
lidocaine. Various degrees of membrane response and 
postrepolarization refractoriness were associated with 
reentrant activity. 

The continuous concealed electrical activity recorded, 
in our studies resembles that described by Waldo et al.? 
during the early phase arrhythmia soon after ligation 
of a major coronary artery. However, unlike the induced. 
localized ventricular fibrillation suggested by Moe et 
al.°° and monitored by Waldo et al.,9 the continuous 
epicardial electrical activity-we have described may be 
less chaotic and more organized. The latter would ac- 
count for the occurrence of associated sustained ven- 
tricular arrhythmias rather than the appearance of 
ventricular fibrillation. 
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NCLYTE 


Each effervescent tablet in solution supplies 25m 


potassium as bicarbonate and citrate. 


e Convenient dosage 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison’s disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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e Economical 


tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances, Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 


MjL54115 


e Two easy-to-take flavors 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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May change tomorrow. 


Time was, you could preselect a single pacing 
rate and feel relatively confident, in most cases, that 
the rate selected would remain physiologically 
adequate over the pulse generator’s operating life. 

But as improved power cells have become 
available, and pacemaker longevity has been greatly 
extended, so is the likelihood for changes in patient 
physiology. Non-invasive rate programming offers a 
practical means to adjust the rate to meet individual 
needs. 

There are some situations where a rate- 
programmable pacemaker may be indicated at 
implant. For example, in patients with acute 
myocardial infarction (who are often decompen- 
sated), accurate rate selection may not be possible 
until weeks later. Certain cases of Sick Sinus 
Syndrome are other examples. 

However, there are many other cases where 
the benefits of rate programming may not be imme- 
diately obvious. As the years pass, some patients 
may develop angina that is not best controlled 
pharmacologically, or may undergo degeneration of 
the conduction system. In some patients with 


marginal cardiac output, the loss of the atrial contri- 
bution to the cardiac filling cycle may become 
physiologically significant. Rate programmability, in 
these cases, may provide improved patient 
management. 

Rate-programmable ventricular pacing may 
also be indicated for the suppression of ventricular 
extrasystoles, and in children where changing rate is 
a physiological requirement. 

In summary, rate programming offers you the 
flexibility to deal with future rate requirements. 
Because your patients’ needs can change substantially 
with the passing years. The Prolith Rate- 
Programmable Lithium System, offering rates of 60, 
66, 72, 78, 84, 90, 96, and 102 ppm, lets your 
patients keep pace with tomorrow. For details, 
please contact Edwards Pacemaker Systems, P.O. 
Box 19554, 1923 S.E. Main Street, Irvine, CA 92713, 
Telephone 714/540-8161. 





Prolith-the rate-programmable 
lithium system 








hen choosing a diuretic 


;2 for day-in-day-out 
hypertension control with 
comfortable compliance... 


The agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectivenéss, (2) patient comfort, and 


(3) compliance. 


Zaroxolyn offers all three. 


Effectiveness: In several long-term studies*””* 
Zaroxolyn brought moderately elevated blood 
pressure (average 167/113 mm Hg) down to the 
range of normotension—and held it there for up 


to four years. 





Comfort-in-use: One investigator noted, “Patient 
cooperation was surprisingly good for a study 
of such duration. The once-daily schedule with 


metolazone (Zaroxolyn) no doubt contributed to 


patient compliance”’ 


Overall compliance with Zaroxolyn is good— 
very good. An analysis of controlled clinical 


studies involving 188 Zaroxolyn patients showed 
that only eight discontinued therapy because of 
side effects. That’s a discontinuation rate of only 
4.3%, and broader clinical experience appears 


to substantiate this low rate.* 


Long-acting 


Zaróxolyn 


metolazone)Pennwalt 


22 mg, 5 mg and 10 mg tablets 


once-daily antihypertensive diuretic 


Recommended initial dosage in mild to moderate essential hypertension-2'2 to 5 mg once daily 


Before prescribing, see complete prescribing 
information in the package insert, or in PDR, or 
available from your Pennwalt representative. The 
following is a brief summary. Indications: 
Zaroxolyn (metolazone) is an antihypertensive 
diuretic indicated for the management of mild to 
moderate essential hypertension as sole thera- 
peutic agent and in the more severe forms of 
hypertension in conjunction with other anti- 
hypertensive agents. Also, edema associated with 
heart failure and renal disease. Contraindications: 


Anuria, hepatic coma or precoma; allergy or hyper- 


sensitivity to Zaroxolyn. Or, as a routine in other- 
wise healthy pregnant women. Warnings: In 
theory cross-allergy may occur in patients 

. allergic to sulfonamide-derived drugs, thiazides 
or quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients; 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted or 
precipitated. Considerable potentiation may 
occur when given concurrently with furosemide. 
When used concurrently with other antihyper- 
tensives, the dosage of the other agents should 
be reduced. Use with potassium-sparing diuretics 
may cause potassium retention and hyper- 
kalemia. Administration to women of childbearing 
age requires that potential benefits be weighed 


against possible hazards to the fetus. Zaroxolyn 
appears in the breast milk. Not for pediatric use. 
Precautions: Perform periodic examination of 
serum electrolytes, BUN, uric acid, and glucose. 
Observe patients for signs of fluid or electrolyte 
imbalance. These determinations are particularly 
important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are admin- 
istered. Patients treated with diuretics or corti- 
costeroids are susceptible to potassium deple- 
tion. Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia or 
those with severely impaired renal function. 
Hyperglycemia and glycosuria may occur in 
latent diabetes. Chloride deficit and hypo- 
chloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia 
may occur in edematous patients in hot weather. 
Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric 
distress, intrahepatic cholestatic jaundice, 
hepatitis, syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 
volume depletion, hemoconcentration, venous 
thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyper- 


lycemia, glycosuria, raised BUN or creatinine, 

atigue, muscle cramps or spasm, weakness, 
restlessness, chills, and acute gouty attacks. 
Usual Initial Once-Daily Dosages: mild to 
moderate essential hypertension—2%% to 5 mg; 
edema of cardiac failure—5 to 10 mg; edema of 
renal disease—5 to 20 mg. Dosage adjustment 
may be necessary during the course of therapy. 
How Supplied: Tablets, 2%, 5 and 10 mg. 
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In continuous 
rheumatic fever 
prophylaxis, 
would you rather 
trust your patient? 


Or yourself? 


Injection penicillin G benzathine is recommended 
as the method of choice* to prevent streptococcal 
infection and possible recurrence of rheumatic 
fever. One reason is that just one injection of 
1,200,000 units, once a month, usually offers 
effective and continuous prophylaxis. So there’s 
no need to worry that your patient will forget to 
take a tablet every day. 


Mild to moderate group A streptococcal pharyn- 
gitis (without bacteremia) therapy is in your 
hands, too. Because a single injection (600,000 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 
Indications: In treatment of infections due to penicillin G-sensitive micro- 

r organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Therapy should be guided by bacteriological studies (including 
sensitivity tests) and clinical response 

The following infections usually respond to adequate dosage of IM penicillin 
G benzathine 
Streptococcal infections (Group A — without bacteremia). Mild to moderate upper 
respiratory infections (e.g., pharyngitis) 
Venereal infections — Syphilis, yaws, bejel, and pinta 

Medical conditions in which penicillin G benzathine therapy is indicated as 
prophylaxis 
Rheumatic fever and/or chorea — Prophylaxis with penicillin G benzathine has proven 
effective in preventing recurrence of these conditions. It has also been used as 
followup prophylactic therapy for rheumatic heart disease and acute glomeru- 
lonephritis 
Contraindications: Previous hypersensitivity reaction to any penicillin 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) reactions 
have been reported. Anaphylaxis is more frequent following parenteral therapy but 
has occurred with oral penicillins. These reactions are more apt to occur in 
individuals with history of sensitivity to multiple allergens. Severe hypersensitivity 
reactions with cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy. carefully inquire into pre 
vious hypersensitivity to penicillins, cephalosporins and other allergens. If allergic 
reaction occurs, discontinue drug and treat with usual agents, e.g., pressor 
amines, antihistamines and corticosteroids 
Precautions: Use cautiously in individuals with histories of significant allergies 
and/or asthma 


INJ ECTION a 
- Bicillin L-A 


sterile penicillin G 


benzathine suspension 


to 900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concentrations 
for the ten days deemed necessary to eradicate 
the streptococci and preclude the initial onset 
of rheumatic fever.+t 

You, more than anyone else, know the impor- 
tance of effective and continued rheumatic fever 
prophylaxis. So is there any question of whom 
you'd rather trust? 


*Rheumatic Fever Committee of the Council on Rheumatic Fever 
and Congenital Heart Disease of the American Heart Association 


Carefully avoid intravenous or intraarterial use, or injection into or near major 
peripheral nerves or blood vessels, since such injection may produce neurovascular 
damage 

tin streptococcal infections, therapy must be sufficient to eliminate the organism, 
otherwise the sequelae of streptococcal disease may occur. Take cultures following 
completion of treatment to determine whether streptococci have been eradicated 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
organisms including fungi. Take appropriate measures if superinfection occurs 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions (maculo- 
papular to exfoliative dermatitis), urticaria and other serum sickness-like reactions, 
laryngeal edema and anaphylaxis. Fever and eosinophilia may frequently be only 
reaction observed. Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy 
and nephropathy are infrequent and usually associated with high parenteral doses 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been reported 
Composition: (units penicillin G benzathine as active ingredient in aqueous sus- 
pension): 300,000 units per ml. — 10-ml. multi-dose vial Each ml. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3mg povidone, 1 mg. carboxy- 
methylcellulose, 0.5 mg. sorbitan monopalmitate, 0.5 mg. polyoxyethylene 
sorbitan monopalmitate, 1.2 mg. methylparaben and 0.14 mg. propylparaben 

600,000 units in 1-ml. TUBEX* (sterile cartridge-needle unit) Wyeth, packages 
of 10 

900,000 units, 1.5-ml. fill ın 2-ml. TUBEX, packages of 10 

1,200,000 units in 2-ml. TUBEX, packages of 10, and in 2-ml. single-dose 
disposable syringe, package of 10 

2,400,000 units in 4-ml. single-dose disposable syringe, packages of 10 

Each TUBEX or disposable syringe also contains sodium citrate buffer and, as 
w/v, approximately 0.5% lecithin, 0.6% carboxymethylcellulose, 0.6% povidone 
0.1% methylparaben and 0.01% propylparaben 


Once-a-month 
rheumatic fever 
prophylaxis. 


Wyeth Laboratories 


Philadelphia, Pa. 19101 
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Adult heart LAO view 2°1Thallium 


Dyna" Mo is the mobile 
DynaCamera that extends the 
scope of nuclear diagnosis 
throughout your hospital. 

The Dyna Mo mobile scin- 
tillation camera is fully powered 
with continuously variable 
speeds up to 2 mph. Dyna Mo 
is compact, maneuvers easily 
around corners, through cramped 
quarters, up inclines and 
between beds. 

But think about versatility 
and performance, too. Versatility 
means Dyna Mo is capable of 


Adult brain left lateral view °°™ Tc DTPA 


performing every nuclear study 
you need from cardiac work to 
bone imaging. The Dyna Mo 
detector positions easily for any 
organ view with minimum 
discomfort to the patient. 

Dyna Mo performance is 
unexcelled: 2.1mm (1/12”) 
resolution, +10% uniformity, 
+3% linearity, 100,000 CPS 
(in a 20% window). 

It features quick-change 
collimators, ECG gating, 
exclusive five-motion detector 
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head, integral tape recorder and 
a list of options and accessories 
unmatched by any other mobile 
camera. Dyna Mo contains the 
most comprehensive nuclear 
capabilities ever put on wheels. 
Dyna Mo is another example 
of Picker’synergy—the complete 
interfacing of systems and 
services for improved diagnostic 
visualization. Send for a 
catalog or contact your local 
Picker representative. Picker 
Corporation, 12 Clintonville 
Road, Northford, CT 06472. 


PICKER 


ONE OF THE C.IT. COMPANIES 


See Picker at RSNA. 
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WHAT TO LOOK FOR IN A 
CATHETER INTRODUCER SET 


This is the UMI Sterile Percutaneous Catheter Introducer, available in 
sizes 4F to 9F. Using it, you can introduce balloon “floating” catheters, 
closed-end catheters, or electrode probes with great ease, thereby 
minimizing trauma to the patient. It is carefully thought out in design 
and engineering, and manufactured to our high quality standards. 


Here are its main features: 


1. CLOSE FIT. Each component is 
matched with precision to its neighbor. 
They move freely but firmly in contact 
with each other. 

2. THE SHEATH IS TAPERED. For 
greater ease of introduction, the distal 
tip is tapered for a closer fit with the 
dilator. This is an exclusive UMI 
feature. 

3. THE SHEATH IS THIN YET STRONG. 
Its wall is only .007” thick. Yet there is 
less chance it will “accordion” passing 


ME 


through tissue. Both it and the dilator 
are made of special Teflon.® 


4. THE DILATOR’S DISTAL TAPER is 
uniform and gradual, meeting the guide 
wire closely for ease of introduction. 


5. THE DILATOR’S FLARE is pro- 
nounced — so that it will not enter the 
sheath. 


6. THE GUIDE WIRE is stainless steel, 
manufactured to close tolerances to 
assure uniformity. 


UMI USA gF- SE — 


Although we are a small, young company, UMI al- 
ready produces catheters and catheter accessories in 
a great number of sizes and configurations. And we 
will custom-make to your specifications and needs. 
To learn more about what we can do for you, please 
send for a recent reprint from Anesthesiology Review 
and our current catalog. 


= | 
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Searle announces... 
a unique agent for 


the treatment of 
specific ventricular s 
| mimmin 


cardiac arrhythmias" 


Introducing 
the first antiarrhythmic provec 


~ 


Norpace (disopyramide phosphate) is a patient compliance and can be pre- 
product of Searle Laboratories and the scribed with confidence. 

result of many years of research and Searle Laboratories will be pleased to 
Clinical testing. It satisfies the recognized provide detailed information on the clini- 
need for anew oral agent that effectively cal trials, which used a more sophisti- 
treats serious ventricular arrhythmias and cated means of evaluating efficacy than 
is relatively safer than available Type | had ever previously been applied to any 
agents. As a consequence, antiarrhythmic agent in large-scale 









Norpace helps encourage ambulatory trials. 





Please see last page for a brief 
summary of prescribing information. 


effective by extensive Holter monitoring 


‘NOPPace 
(disopyramide phosphate) 


as effective as quinidine sulfate for specific ventricular 


arrhythmias...but with less severe side effects 


Norpace efficacy was 
thoroughly proved 
and documented 


Norpace was Clinically evaluated in patients 
monitored by 9-hour Holter ECGs while receiv- 
ing placebo (two distinct periods) and Norpace 
(two distinct periods). Significant reductions 

in ventricular ectopy were recorded during 
Norpace therapy. Norpace was also compared 
with quinidine sulfate (quinidine), a standard 
antiarrhythmic agent, in patients randomly as- 
signed in double-blind studies, and was shown 
on the basis of 9-hour Holter monitoring to be 
as effective as quinidine in reducing ventricular 
ectopic activity. Finally, in oral acute studies 
involving 3-hour continuous ECGs, Norpace 
demonstrated the following: 1) a rapid onset 

of antiarrhythmic activity following an initial 
loading dose—achieving therapeutic plasma 
levels usually within v2 to 3 hours; 2) continued 
suppression of ectopy as a result of mainte- 
nance dosing over the subsequent 3 days; and 
3) further suppression of ectopy when dosage 
was increased in most cases where breakthrough 
was noted. No currently available antiarrhythmic 
agent has been subjected to such a rigidly 
controlled program of study prior to introduc- 
tion as has Norpace, nor have other antiarrhyth- 
mics been evaluated in a controlled comparison 
with a known standard such as quinidine. 


Norpace effectively 
treats specific 
ventricular arrhythmias 


Norpace is indicated when there is electrocar- 
diographic evidence of premature ventricular 
contractions (PVCs): unifocal, multifocal, or 
paired PVCs, or episodes of ventricular tachy- 
cardia (VT). Significant reductions in these 


ventricular arrhythmias have been demonstrated 
by 9-hour ambulatory ECG recording. 

During the clinical trials, efficacy in treating 
ventricular arrhythmias was proved in patients 
with primary cardiac arrhythmias or arrhyth- 
mias associated with coronary artery disease, 
and also in patients who were digitalized. 


Norpace demonstrated 
excellent patient tolerance 


In a double-blind multicenter clinical study (see 
next page for details), Norpace was found to 
have less severe side effects than quinidine 
sulfate and to be significantly better tolerated. 
The side effects of Norpace, in contrast with 
those of quinidine, were generally mild, being 
primarily anticholinergic in nature and fre- 
quently transient. 


Norpace demonstrated 
dose-related plasma 
levels 


Therapeutic levels ranging from 2-4 „g/ml are 
attained in response to 150 mg q 6h. Some 
patients with unusually refractory ventricular 
arrhythmias have required doses up to 400 mg 
q 6h which produced plasma levels in the range 
of 4-8 „g/ml. 


Norpace has minimal 
effect on hemodynamics 


At recommended oral doses, Norpace rarely 
produces significant alterations of blood pres- 
sure. Hemodynamic studies of the intravenous 
administration of Norpace in patients with 
coronary artery disease have revealed minimal 
cardiac depression with approximately a10% 


reduction in cardiac output. 
SEARLE 


from clinical studies... 


NOPPace 
(disopyramide phosphate) 


proved as effective as quinidine sulfate 
for specific ventricular arrhythmias... 


Results of double-blind 
controlled studies 


A double-blind multicenter clinical study, in- 
volving five investigators, was conducted to 
compare the relative effectiveness and safety of 
Norpace and quinidine sulfate. Prior to qualify- 
ing for the study, each patient had antiarrhyth- 
mic medication discontinued for at least one 
week. Nine-hour Holter recordings were then 
used to establish an admission criterion of at 
least 60 ectopic beats per hour (PVCs, PACs or 
combination of the two). All other arrhythmias 
were excluded except paroxysmal ventricular 
or atrial tachycardias occurring in conjunction 
with the above. 


Study protocol 

After qualifying, patients were randomly as- 
signed to receive either Norpace (150 mg q 6h) 
or matching capsules of quinidine sulfate 

(325 mg q 6 h). Consultant cardiologists, based 
on their clinical experience, predicted these 
dosages to be comparable in effect. Every 

two weeks during the 8-week course of the study 
each patient returned to the investigator for a 
new supply of capsules and a 9-hour Holter 
recording. The four Holter recordings during 
therapy plus the qualifying recording provided 
objective, quantifiable electrocardiographic 
evidence of patient response to therapy. 


Norpace proved 
comparable to quinidine 
sulfate in reducing 
ventricular ectopic beats 


Figure 1 presents the relative effectiveness of 
Norpace and quinidine sulfate in reducing total 
and ventricular ectopy. It was apparent that 
both drugs were capable of reducing ectopic 
activity and maintaining suppression through- 
out the course of therapy. 

Fig 1. Median number of ectopic beats during successive 


2-week Holter recordings for Norpace- and quinidine- 
treated patients. 
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Quinidine Patients (40 completing study) 
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beats > 60/hr—32 patients 
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k Includes patients with more than 60 total (atrial and 
ventricular) ectopic beats per hour but who had fewer 
than 60 ventricular ectopic beats per hour. 


There was no statistically significant difference 
in reduction of ectopy between the two drugs. 
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with less severe side effects 


Relative safety of Norpace 
(disopyramide phosphate) 


and quinidine sulfate 


Reported side effects 

The entire study population was analyzed for 
side effects. The side effects experienced by 
Norpace patients were usually mild and mainly 
anticholinergic, including: dry mouth, urinary 
hesitancy, constipation, blurred vision. The 
anticholinergic side effects were generally 
transient. 


Adverse reactions with quinidine were more 
serious and affected a greater number of pa- 
tients. The most common symptoms were: 
severe diarrhea, cramps, nausea, vomiting, 
headache, dizziness, blurred vision, fever, 
chills and diaphoresis. 


Reasons for discontinuation of therapy 
Twenty-two quinidine patients discontinued 
therapy because of toxic effects, most of them 
within the first 2 weeks of treatment. Most of the 
quinidine sulfate dropouts experienced combi- 
nations of gastrointestinal symptoms often 
accompanied by dizziness and in five cases by 
a generalized pruritic rash. 


Five Norpace patients dropped out of the study, 
as aresult of the following side effects: nausea 
and dizziness (2); pains in neck and back (1); 
urinary complaints in patient with known be- 
nign prostatic hypertrophy (1); and persistent 
paroxysmal ventricular tachycardia (1). (One 


patient dropped out because of lack of interest.) 


Please see last page for a brief summary of prescribing information. 


Norpace patient group 
had significantly 

fewer dropouts 

due to side effects 


Quinidine dropouts in 62 patients 





Norpace dropouts in 62 patients 







8.1% 


New from Searle 


(disopyramide phosphate) 
a unique agent for the treatment of 
specific ventricular cardiac arrhythmias 











Please see last page for a brief 
summary of prescribing information. 


Dosage and administration 


Supplied as 100-mg and 150-mg capsules. Dosage should 
be individualized based on response and tolerance. 


Usual adult dosage is 400 to 800 mg per day given in divided 
doses four times daily, following an initial loading dose. 


Recommended dosage regimen 


Patient type Loading dose Maintenance dose 





Note: Since Norpace is excreted in the urine, renal insufficiency appreciably extends 
the half-life of the drug. The chart below provides guidelines to the appropriate 
Norpace dosage in such patients. 


Norpace dosage interval adjustment for renal insufficiency 





@ Norpace plasma half-life may also be prolonged in patients with significant 
liver disease. 


NOPPace 





(disopyramide phosphate) 


m Effective as quinidine sulfate for specific ventricular 
arrhythmias and significantly better tolerated 


= Compatible with digitalis 
E Minimal effect on hemodynamics 








~s NOPPace 
(disopyramide phosphate) 


as effective as quinidine sulfate for specific ventricular 
arrhythmias... with less severe side effects 


SEARLE 
NORPACE® CAPSULES 
brand of disopyramide phosphate 


Before prescribing Norpace, please consult complete 
prescribing information, a summary of which follows: 
Indications: Norpace is indicated for suppression and preven- 
tion of recurrence of the following cardiac arrhythmias when 
they occur singly or in combination: unifocal premature (ectopic) 
ventricular contractions; premature (ectopic) ventricular con- 
tractions of multifocal origin; paired premature ventricular 
contractions (couplets); and episodes of ventricular tachycardia 
(persistent ventricular tachycardia is ordinarily treated with 

D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias 
in both digitalized and non-digitalized patients. It is also equally 
effective in treating primary cardiac arrhythmias and those 
which occur in association with coronary artery disease. Oral 
Norpace has not been adequately studied in patients with acute 
myocardial infarction or in patients with persistent ventricular 
tachycardia, atrial arrhythmias or arrhythmias due to digitalis 
intoxication. The value of antiarrhythmic drugs in preventing 
sudden death in patients with serious ventricular ectopic activity 
has not been established. 

Contraindications: Cardiogenic shock, preexisting second- or 
third-degree AV block (if no pacemaker is present), or known 
hypersensitivity to the drug. 

Warnings: Severe hypotension has been observed on rare 
occasions, primarily in patients with primary cardiomyopathy or 
inadequately compensated congestive heart failure. If hypo- 
tension develops Norpace should be discontinued promptly 
unless it is due to the arrhythmia. 

Norpace should not be used in the presence of poorly com- 
pensated or uncompensated congestive heart failure unless it is 
exacerbated by or caused by an arrhythmia and proper treat- 
ment including optimal digitalization has been accomplished. 

In some patients with marginally compensated heart failure, 
Norpace may cause cardiac decompensation. In these patients, 
progressing congestive heart failure should generally be treated 
with cardiac glycosides and diuretics and the course of treat- 
ment closely followed. Norpace dosage should be reduced or 
discontinued if adequate control of congestive failure is not 
attained. 

If first-degree heart block develops, the dosage of Norpace 
should be reduced. If the biock persists, continuation of Norpace 
must depend upon an assessment of the benefit versus the risk. 
Development of second- or third-degree AV block or uni-, bi- or 
trifascicular block requires discontinuation of Norpace, unless 
the ventricular rate is adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not 
be used in patients with glaucoma or urinary retention, unless 
adequate overriding measures are taken. 

Precautions: If significant widening (greater than 25%) of the 
QRS complex occurs, Norpace should be discontinued. 

Patients with atrial flutter or fibrillation should be digitalized 
prior to Norpace administration to ensure that drug-induced 
enhancement of AV conduction does not allow a ventricular rate 
beyond physiologically acceptable limits. 

The effect of Norpace is presently uncertain in patients with 


Searle Laboratories 
Division of G. D. Searle & Co. 
Box 5110, Chicago, Illinois 60680 
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sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle 
branch block. 

Norpace should be administered cautiously to patients who 
are receiving or who have recently received other antiarrhyth- 
mic drugs. Excessive widening of the QRS complex may occur 
in such instances. 

Norpace dosage should be reduced in patients with impaired 
renal or hepatic function and the electrocardiogram carefully 
monitored for signs of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypo- 
kalemia. Therefore, any potassium deficit should be corrected 
before instituting Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not 
been established. The use of Norpace in pregnant women 
requires that the potential benefit be weighed against possible 
hazards to the fetus. 

It is not Known whether disopyramide is excreted in human 
milk. However, studies in rats have shown that the concentration 
of disopyramide and its metabolites in milk is up to three times 
greater than in plasma. If use of the drug is deemed essential, 
an alternate method of infant feeding should be instituted. 
Labor and Delivery: The effects of Norpace on the fetus during 
delivery or on the course of labor and delivery are unknown. 
Pediatrics: The safety and effectiveness of Norpace in children 
have not been established. 

Adverse Reactions: Anticholinergic: dry mouth, urinary hesi- 
tancy, constipation, blurred vision, dry nose-eyes-throat, urinary 
retention. Genitourinary: urinary frequency and urgency, dysuria. 
Gastrointestinal: nausea, pain/bloating/gas, anorexia, diarrhea, 
vomiting. Central Nervous System: nervousness, depression, in- 
somnia, impotence, dizziness, general fatigue/muscle weakness, 
headache, malaise. A single case of acute psychosis has been 
reported following Norpace therapy with prompt return to nor- 
mal mental status when therapy was stopped. Cardiovascular: 
edema/ weight gain, cardiac conduction disturbances, shortness 
of breath, syncope, chest pain, hypotension. Dermatologic: 
generalized rash/dermatoses. 

Dosage and Administration: Dosage must be individualized for 
each patient based upon response and tolerance. The usual 
adult dosage is 400 to 800 mg per day given in divided doses 
four times daily, following an initial loading dose. The recom- 
mended initial dosage schedule for adults is a single loading 
dose of 300 mg, followed by 150 mg every six hours. 

For patients of small stature, or those with moderate renal 
insufficiency, hepatic insufficiency, cardiomyopathy, or possible 
cardiac decompensation, a loading dose of 200 mg is recom- 
mended, followed by 100 mg every six hours. 

For patients with severe renal insufficiency lower doses are 
recommended. See complete prescribing information for details. 
Overdosage: No specific antidote for Norpace has been identi- 
fied; treatment of overdosage should be supportive. Overdosage 
might be expected to produce excessive widening of the QRS 
complex, worsening of congestive heart failure, hypotension, 
varying kinds and degrees of conduction disturbance, brady- 
cardia and finally asystole. Obvious anticholinergic effects 
might also be observed. The electrocardiogram should be 
monitored and supportive therapy with vasopressors, sympatho- 
mimetics, cardiac glycosides and diuretics should be given as 
required. In vitro studies have demonstrated good dialyzability 
for disopyramide. 


Introducing the Portable ; 
_ 741 Monitor. The small monitor — 
with large capabilities. 


In its new 741 Portable Monitor, 
R , Mennen Greatbatch has enlarged the 

`% S j capabilities of the small monitor. 

Its two digital displays (one more 
than most portable monitors have) 
keep two parameters continuously 
monitored. One shows heart rate, the 
other shows temperature or blood 
pressure (alternating systolic and | 
diastolic or mean). On its two-channel — 
display screen, non-fading waveforms 
of blood pressure (or pulse) and ECG 
tell more. 

And, the 741 monitor has many of — 
the special features valued in larger 
Mennen Greatbatch monitors. Like 
thumbwheel-set, continuously visible — 
ECG alarm limits; push-button cal 
signals and quick gain adjusting for 
easy setup; direct circuit access for 
easy in-house servicing. Plus human engineering... every control just where 
user convenience dictates. 
All this in a monitor that’s 18 pounds light. 


But portability isn’t everything. The 741’s output makes it compatible with 
a wide variety of monitoring systems, a rare feature in portable monitors. In the 
CCU, ICU, in the OR and the recovery room, 7 i 
the 741 offers superior performance, 
dependability and cost effectiveness. 
The 741 Portable Monitor. It’s a lot 
of useful monitor packed small. 





MENNEN 
GREATBATCH 
INC. The 741 


From Mennen Greatbatch 
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THE MEDTRONIC 5375 | room a 


EXTERNAL PACEMAKER. 


FROM THE COMPANY THAT HAS ALWAYS SET 
THE STANDARDS FOR EXTERNAL PACEMAKERS 


From our long-standing tradition of providing 
products for the pacemaker patient has evolved 
the 5375. Engineering advancements allow the 
5375 to provide safe, convenient operation for 
the physician, nurse and patient. 


THE STANDARD OF SAFETY 

5375 features provide protection against leak- 
age current, EMI and inadvertent inhibition. 
Splash resistant terminal connections greatly 
reduce chances of contact with sources of 
dangerous leakage current — especially 
important on the busy CCU and ER service floors. 


THE STANDARD OF CONVENIENCE 

Cables connect by push button. Sliding trans- 
parent faceplate protects against accidental 
movement of controls. Retractable handles 
allow easy fastening of unit to patient's arm or 
waist. Indicator lights offer durable, visible verifi- 
cation of pacing, sensing and batten / opera- 
tion, And Fanley \ d 
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IEDTRONIC 5375 EXTERNAL PACEMAKER 
RODUCT INFORMATION 
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Ultrasound Reference- 
Ultra-sound Reading 





ECHOCARDIOGRAPHY 
Jack J. Kleid, M.D., Flower & Fifth Avenue 
Hospital, New York City ° 


Superb new text encompasses basic princi- 
ples of ultrasound . . . covers every aspect of 
cardiovascular disease traceable through ul- 
trasound techniques... deals extensively with 
M-mode methods. Provides comprehensive, 
up-to-date material on new 2-D sector scan 
technique and the normal echocardiogram. 
Presents illustrations of actual echograms, 
plus schematic diagrams. Offers complete 
section on recent literature. 


Table of Contents includes: 
e Physical Properties of Ultrasound 
e Normal Echocardiographic Anatomy 


e The Left Ventricle and Left Ventricular 
Function 


The Pulmonic Valve 
Acquired Valvular Heart Disease 


e Echocardiographic Manifestations of 
Endocarditis 


e Echocardiographic Manifestation of 
Arrhythmias 


Ischemic Heart Disease 
e Congenital Heart Disease 





Due Dec. 1977 448 pp. Illus. A2263-0 $34.50 


ans 
3f Appleton e Century è Crofts 
Medical/ Nursing Publishers, Dept. SK 
292 Madison Avenue, New York, N.Y. 10017 


Please enter my order for: 
Echocardiography (A2263-0) $34.50 


O Payment enclosed (publisher pays postage and 
handling) 


O Bill me later 
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Witness these tempting dishes from 
Fleischmann’s low cholesterol 
cookbook, “Sensible Eating Can Be 
Delicious.” 

They’re all prepared with 
Fleischmann’s® Margarine and Egg 
Beaters® cholesterol-free egg substitute. 

They can make your job a lot easier 
when you prescribe a low cholesterol 
diet. Because they’re tasty enough to 
ensure compliance, 

Fleischmann’s® Margarine has a light, 
delicious taste that goes with every- 

hing. What’s more, it’s made from 100% 
corn oil and has no cholesterol. It’s low in 
saturated fat and high in polyunsatu- 
rates. In clinical studies, Fleischmann’s® 


Margarine was part of a total dietary 
program that helped reduce serum 
cholesterol an average of 17%. 

Egg Beaters® cholesterol-free egg 
substitute can be a big help, too. It has 
no cholesterol. It does have all the 
good flavor and nutrition of fresh eggs— 
in omelets, baked goods or scrambled. 

So, help your patients to some healthy, 
delicious recipes. For your sample 
Fleischmann’s cookbook, simply write 
to Standard Brands, P.O. Box 130, 
Madison Square Station, New York, 

N.Y. 10010. 

To order additional quantities, use the 
handy reorder card that comes with your 
cookbook. 








EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 

Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 

Jack H. Wilmore, PhD, Professor and Head Dept. = 
of Physical Education & Athletics, Univ. Arizona 

Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to look at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That’s right! You’re invited to look it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 





Yorke Medical Books AJC-11/77 
666 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. If | decide to keep it, 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 


O Full payment enclosed, publisher absorbs shipping cost 
O Send invoice (U.S. and Canada only) 


(Countries outside Western Hemisphere: prepay in U.S. funds and add $5. to price) 
New York residents add applicable sales tax 





OO O O PBI TIT AMAA sW Ari SOARTA eS 
R (please print) 

Address 

City State 2 Zip 





IGA... 1UL EVETY PIUIESS 








CONTENTS 


bad 


x 


© 


a 


2 


PART I 
CORONARY HEART DISEASE: AN INTRODUCTION 


. EPIDEMIOLOGY OF CORONARY HEART DISEASE 


Nemat O. Borhani, MD 
CORONARY ARTERY DISEASE: PATHOPHYSIOLOGY AND 
CLINICAL CORRELATIONS 

Ezra A. Amsterdam, MD; Dean T. Mason, MD 
PHYSICAL ACTIVITY AND FATAL HEART ATTACK: 
PROTECTION OR SELECTION? 

Ralph S. Paffenbarger, Jr, MD 


PART II 
PHYSIOLOGICAL ASPECTS OF EXERCISE 


ACUTE AND CHRONIC PHYSIOLOGICAL sd 
RESPONSES TO EXERCISE 
Jack H. Wilmore, PhD 
ADAPTATIONS IN HUMAN SKELETAL MUSCLE 
AS A RESULT OF TRAINING 
Philip D. Gollnick, PhD; Walter L. Sembrowich 
MYOCARDIAL ADAPTATIONS 
TO PHYSICAL CONDITIONING 
Leigh D. Segel, PhD 
EXPERIMENTAL OBSERVATIONS ON THE EFFECTS OF 
PHYSICAL TRAINING UPON INTRINSIC CARDIAC 
PHYSIOLOGY AND BIOCHEMISTRY 
James Scheuer, MD; Somsong Penpargkul, MD; 
Ashok K. Bhan, PhD 
EFFECT OF EXERCISE ON HEMOSTATIC MECHANISMS 
Garrett Lee, MD; Ezra A. Amsterdam, MD; 
Anthony N. DeMaria, MD; Gerald Davis, PhD; 
Teresa LaFave; Dean T. Mason, MD 
CORONARY AND SYSTEMIC CIRCULATORY 
ADAPTATIONS TO EXERCISE 
William A. Neill, MD 


PART III 
CORONARY HEART DISEASE DIAGNOSIS: 
METHODOLOGICAL AND INTERPRETIVE ASPECTS 


METHODS OF EXERCISE TESTING: STEP TEST, 
BICYCLE, TREADMILL, ISOMETRICS 
Robert A. Bruce, MD 


. EXERCISE ELECTROCARDIOGRAPHY: RECOGNITION 


OF THE ISCHEMIC RESPONSE, FALSE-POSITIVE 
AND FALSE-NEGATIVE PATTERNS 
Albert A. Kattus, MD 


. COMPUTER ANALYSIS OF THE EXERCISE 


ELECTROCARDIOGRAM 
C. Gunnar Blomqvist, MD 


. USE OF THE EXERCISE ELECTROCARDIOGRAM TO 


IDENTIFY LATENT CORONARY ATHEROSCLEROTIC 
HEART DISEASE 

Victor F. Froelicher, Jr, MD 
DISTURBANCES OF CARDIAC RHYTHM AND 
CONDUCTION INDUCED BY EXERCISE: DIAGNOSTIC, 
PROGNOSTIC AND THERAPEUTIC IMPLICATIONS 

Anthony N. DeMaria, MD; Zakauddin Vera, MD; 

Ezra A. Amsterdam, MD; Dean T. Mason, MD 
EXERCISE TESTING IN THE INDIRECT ASSESSMENT 
OF MYOCARDIAL OXYGEN CONSUMPTION 
APPLICATION FOR EVALUATION OF MECHANISMS 
AND THERAPY OF ANGINA PECTORIS 

Ezra A. Amsterdam, MD; James E. Prive, MD 

Daniel Berman. MD: James L. Hughes. HHL MD. 

Kay Riggs. BS; Anthony N. DeMaria. MD. 

Richard R. Miller, MD: Dean T. Mason. MD 
EXERCISE TESTING IN PATIENTS WITH 
VALVULAR HEART DISEASE 

Fred Harris, MD: Anthony X. DeMaria. MD. 

Ezra A. Amsterdam. MD: Garrett Lee, MD: 

Richord R. Miller, MD: Najam Awan, MD. 

Dean T. Mason. MD 


7. DETECTION OF MYOCARDIAL ISCHEMIA BY REST 


AND EXERCISE THALLIUM-201 SCINTIGRAPHY 
Daniel Berman. MD: Ezra A. Amsterdam, MD. 
Dean T. Mason. MD 


PART IV 
PREVENTIVE ASPECTS OF CORONARY HEART DISEA 


INDIVIDUALIZED EXERCISE PRESCRIPTION 

Jack H. Wilmore, PhD 
CORONARY RISK FACTOR MODIFICATION BY 
CHRONIC PHYSICAL EXERCISE 

Joseph A. Bonanno. MD 
CONTROL AND MODIFICATION OF STRESS EMOTIONS 
THROUGH CHRONIC EXERCISE 

Carlyle H. Folkins. PhD; Ezra A. Amsterdam. MD 
PHYSICAL FITNESS PROGRAMS FOR ADULTS 

Karl G. Stoedefalke. PhD 


. PHYSICAL FITNESS PROGRAMS FOR CHILDREN 


John L. Boyer. MD: Jack H. Wilmore. PhD 


PART V 


EXERCISE IN CORONARY HEART DISEASE 
REHABILITATION 


3. MEDICAL SCREENING OF PATIENTS WITH 


CORONARY ARTERY DISEASE: CRITERIA FOR 
ENTRANCE INTO EXERCISE CONDITIONING PROGRAMS 
Malcolm M. McHenry, MD 
LONG-TERM PHYSIOLOGIC ADAPTATIONS TO EXERCISE 
WITH SPECIAL REFERENCE TO PERFORMANCE AND 
CARDIORESPIRATORY FUNCTION IN HEALTH 
AND DISEASE 
William C. Adams, PhD: Malcolm M. McHenry, MD: 
Edmund M. Bernauer. PhD 
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`“ What would you call 
a scanner that’s priced 


for private practice 
and so easy to use 


you can scan it 
yourself? 


Simply beautiful. 


Actually, we call it our Model 655 Electrocardio- 
scanner® But the way it scans our two-channel Model 
445 Mini-Holter Recorder tapes is simply beautiful. The 
655 provides the ultimate in simplicity to the operator, 
while providing ECG scanning at 120 times real time, 
and documentation in less time than ever before. At a 
price that’s perfect for private practice. 

For easy arrhythmia findability, we jog its memory. 

b Literally. We combined a new servo-controlled tape 
deck with our Arrhythmiagraph® providing the capa- 
bility to continuously jog back and forth throughout 

\ the tape. 

Our new 655 Electrocardioscanner is just one more 
example of why we ask questions before we build 
answers. You wanted a Holter scanner that was easy 
to operate at a lower price. And who could fill that 
order better. After all... 

“HOLTER MONITORING™ IS OUR TRADEMARK” 


DEL MAR AVIONICS 


1601 Alton Avenue, Irvine, CA 92714 * (714) 549-1500 
ATLANTA (404) 432-0612: BALTIMORE (301) 265-1320; BOSTON (617) 942-0230; CHICAGO (312) 956-6520; CINCINNATI (513) 874-8600; DENVER (303) 344-5101; 
DETRO 


IT (313) 559-6863; HOUSTON (713) 626-2320; LOS ANGELES (213) 640-2282; MIAMI (305) 981-0405; MINNEAPOLIS (612) 854-8726; 
NEW YORK (203) 327-7294: SAN FRANCISCO (415) 349-9102; ST. LOUIS (314) 739-8151, EUROPE 720-7405 Telex 617-91 (Brussels, Belgium). 


n't miss our exhibit at the AHA meeting in Miami Beach, November 28 through December 1. — 
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ambulatory blood pressure 


Pressurometer Il 


It took Del Mar Avionics to combine these important 
diagnostic monitoring techniques—ambulatory non-invasive 
blood pressure, and ambulatory ECG. After all, who could 
have done it better. We have been the leader in automatic 
blood pressure instrumentation for more than a decade—not 
to mention Holter Monitoring, our trademark. 

And we did it in such a way that you could pick right up where 
Holter Monitoring left off—by introducing Pressurometer Il. 
Our Model 1977 Pressurometer automatically takes blood 
pressure at 100 programmed intervals around-the-clock. 

The information is recorded on our new Model 446A 
Electrocardiocorder® during its recording of two-channel 
electrocardiograms, and is scanned and written out on our 
660A Electrocardioscanner®, with a new module that gives 
digital readouts and a trend chart of systolic and diastolic 
blood pressure. 

Your existing 660A and 445 Recorders can be updated to 
accept Pressurometer Il 

Pressurometer Il, coupled with your new or modified 
Electrocardiocorder and 660A Electrocardioscanner, : 
completely updates any Dynamic Electrocardiography” system. 
Now you can have your 24-hour ECG and blood pressure, too. 





















DEL MAR AVIONICS 


1601 Alton Avenue at Redhill AJC-11 
Irvine, California 92714 * (714) 549-1500 


Please send me more information on Del Mar 
Avionics’ new Pressurometer II 
Please schedule me for a visiting demonstration 
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How would you improve 
_ the predictability of 
todays pu Ilse generator? 









e With a more dependable 
power source? 


e With special circuitry? | 
e With a triple hermetic seal? i 


e With two voltage 
depletion indicators? 


e With low specific gravity? 


\ e With less risk of 
\ product failure? 


e With a “no-nonsense” 
product guarantee? 








Your pulse generator has 
already been designed by 





Improved predictability with 
the only lithium thionyl 
chloride power source. 
Lithium thionyl chloride, with 
one of the highest energy 

~ densities presently known, 
permits a small, lightweight 
battery that is longer lasting 
than other cells of comparable 
size in any given application. 
Individual cell hermetic 
sealing and no generation of 
internal pressure contribute to 
the fact that there has not 
been areport of asingle power 
source failure in clinical use(1). 


Improved predictability with 
two voltage depletion 
indicators. 

Both an automatic and mag- 
netic pulse rate provide 
advance warning of cell volt- 
age depletion. The magnetic 
rate begins to decrease a 
number of months prior to the 
automatic rate to provide 
ample replacement time (4). 


Improved predictability with a 
more natural specific gravity 
than most pulse generators. 
The specific gravity of 
ARCOlith™ pulse generators 
is just slightly greater than that 
of the body's tissues; thus, 
migration is minimized for 
added patient comfort. 


Improved predictability with 
specially designed circuitry. 
Developed specifically for 
use with our exclusive power 
cells, this circuitry offers long 
life and reliability. In fact, our 
power cells are electrically an extended “burn-in” test. 
connected in a truly redundant Prior to market release every 
fashion, which assures unin- MAGNETIC RATE unit must undergo 70 days of 
terrupted operation even if operation. This virtually 

one cell should fail (2). AUTOMATIC RATE eliminates initial implant 
failure and assures you and 
your patients of effective per- 
formance and long life (5). 





Improved predictability with 


Improved predictability with a 
triple hermetic sealing 
process. 

The power cells, the elec- 
tronics, and the outer case of 
corrosion-resistant titanium 
are all individually hermet- 
ically sealed to provide dual BURN-IN PERIOD 

protection and virtually isolate CELL our 
components from the invasion aar 
and migration of body fluids(3). 


PULSE RATE 





RANDOM 
FAILURES 


FAILURE RATE 


TIME VOLTAGE 
70þ| (DEPENDING |€ DEPLETION 
DAYS ON MODEL) BEGINS 





FAILURE RATE AS A FUNCTION OF TIME 


The predictability of ARCOlith pulse generators has been 
so improved they carry a“no-nonsense’ product guarantee. 


In essence: 

1. Should an ARCOlith pulse generator become 2. Should an ARCOlith pulse generator become 
defective for any reason up to and including 60 days defective for any reason after 60 days up to the 
following implant, we will replace it and pay all end of the warranty period* we will replace it and 
reasonable surgical and hospital costs* pay up to $200 in surgical and hospital costs* 


*See warranty for specific details. 
tidealized graph based on extrapolated data. 


ARCOlith™ 12, 6, and 4 are now the trade names for pulse generator models LI-2, LI-4 and LI-3. 


Every ARCOlith pulse generator 
offers you these 
predictable features: 


e Titanium and epoxy casings 
proven corrosion resistant to body 
fluids and compatible with human 
tissue over long periods of time 














e EMI shielding, high-reliability 
filtering components, and special 
circuits help to protect against 
electromagnetic interference 


e Higher interference rate than the 
basic pacing rate provides addi- 
tional protection against PVCs and 
competition, which may occur at 
lower levels 


e High-input impedance enhances 
R-wave sensing 


e Output stage contains voltage 
pulse doubler, which allows truly 
redundant power cells 


-e Visible temperature indicator 
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SEMINAR ON THE MECHANICS OF VENTRICULAR CONTRACTION: 





Introduction 


KARL T. WEBER, MD, FACC 
Philadelphia, halal 


During the past 80 years few bies] have ka as 
much attention from both basic and applied scientists 
as has the description of the performance characteristics 
of the heart. From the laboratories of Frank, Starling, 
Wiggers and Katz emerged the view of the heart as a 
compression pump characterized by such displacement 


terms as stroke volume, cardiac output and work. In. 


subsequent years Abbott and Mommaerts, Sonnen- 
blick, Fry and LeVine, to name buta few, extended this 
approach by envisioning the heart as a contracting 
muscle and developing the concept of cardiac muscle 
mechanics. 

“Mechanics is that branch of physics dealing with the 
motion or state of physical objects and consists of two 
complementary disciplines, dynamics and kinematics. 
Dynamics focuses on the causes of change in motion, 
including balanced and unbalanced forces, whereas 
kinematics relates to the various kinds of motion and 
the concept of velocity. Thus by way of analogy the 


mechanics of ventricular contraction would include the - 
_ concepts of force, length, velocity and time: And, indeed, 
the fundamental mechanical properties of contracting . 


cardiac muscle have been expressed in these terms. 
Although these concepts have provided a substantive 
approach to interpreting the clinically failing heart their 
true impact remains to be realized. And recent findings 
from the experimental laboratory have suggested sev- 


eral new directions in which to proceed. It was precisely © 


this stimulus that brought a group of us together at the 
University of Pennsylvania on August 18, 1976. In one 
form or another each investigator had drawn on the 
instantaneous force-velocity-length relation to develop 
a fresh approach and more useful descriptor of ven- 
tricular function. However, variations in interest and 
background led each to pursue this common objective 
from a different vantage point. 

The first paper of this seminar addresses itself to the 
shortening characteristics of the intact left ventricle as 
determined through the use of a servo-regulated isolated 
heart preparation. Evidence is reviewed that indicates 
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that, irrespective of loading, the end-systolic and iso- 


volumetric force-length relations are equivalent and 
consequently the veritricle shortens within the confines 
of its contractile state-dependent isovolumetric force- 


- length relation.. The potential value of this equivalence 


in deriving a noninvasive or invasive descriptor of con- 
tractile state is outlined: The importance of variations, 
in contractile state and instantaneous ejection force are 
also emphasized and used as a framework for charac- 
terizing the failing heart and its response to various 
therapeutic agents, such as vasodilators. 

In the next paper Sagawa and his colleagues present 
their findings on characterizing myocardial contractile 
state. A long-standing interest in heart-blood vessel 
interaction and circulatory modeling led these investi- 
gators to the concept of the heart as a time-varying 
elastance or reciprocal compliance; hence, the ratio E . 
of instantaneous ventricular pressure and volume was 
derived for the isolated canine heart. The maximal or 
end-systolic value of E—Ema,—was found to be inde- 
pendent of load and thus served to express alterations 
in-contractile state. Attention has now been given to 
extending this concept to the pressure/diameter ratio 


_of the instrumented dog heart in order to justify sub- 


stituting- diameter for volume when obtaining this in- 
formation in man. The preliminary findings in this 
preparation and in patients with the use of echocardi- 
ography are encouraging. 

In the final paper Nichols and co- orkes rėport their 
observations on the velocity of fiber shortening as a 
means of determining the presence of myocardial dis- 
ease in patients with coronary artery disease. This group 
having a background interest in blood vessel rheology 
have found:the combined velocity sensormicroma- 


. nometer catheter to provide a useful means for inves- 


tigating the impedance characteristics of the vascular 
system in the experimental laboratory. The expanded. 
application of this device at the time of diagnostic car- . 


` diac catheterization together with single plane cinean- . 


giography made it possible to derive the instantaneous 
relations of force, velocity and length in patients with. 
ischemic heart disease despite the presence of abnor- 


` malities in regional wall motion. Their findings indicate 


that the velocity of shortening at peak force provided 
the best statistical separation between patients with 


‘normal and altered left ventricular function. 
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‘The clinically falling heart aid Its response to aiiai therapeutic Inter- 


ventions are discussed In terms of the shortening characteristics of the 
p? intact ventricular, myocardium. The maximal wall force developed from . 
“any given Initlal fiber léngth Is observed In the isovolumetrically, beating ` 
. heart and described: by the linear isovolumetric force- -length relation. 
~- Positive (norepinephrine-Induced) or negative (propranolol-induced) shifts - 


in contractile state, respectively, ralse or lower the slope of the force- ` 


‘ length relation. Moreover, this relation determines the end-systolic limits 


of fiber shortening for the ejecting ventricle: that Is, régardiess ot the | 
contractile state; thé- magnitude of systolic force and the course of the - 


systolic force with respect to time, shortening will cease .when the com- 


ditions of maximal (Isovolumetric) force and length are matched. Thus 


the end-systolic and Isovolumetric force-length relations are equivalent, . ti 
: with the slope of elther relation providing an estimate of contractile'state. 


A depression in contractility reduces the extent of shortening and tnersby 
describes one mechanical characteristic of the failing heart. PE 

` The rate and extent of shortening for any given contractile state are 
also determined_by the interrelation of Instantaneous. force and length. — 
An ejection force of increased magnitude (afterload excess) as seen In 


' the enlarged or pressure-overloaded heart will restrict shortening and 


serves as another explanation of failure. These Instantaneous relations 


` are also fundamental to negeriana at the LAPSES concept of un- 


loading. - . ae ss peek 


S 


The isolated: papillary muscle Sheen tie has aeisiacd a useful n means 
of determining the mechanical properties of cardiac tissue. The uniform 
arrangement of fibers and relative precision with which muscle length 
and load:can be méasured and controlled have made this preparation 
well suited for these purposes. With this technique Brutsaert and Són- 


= nenblickt» 2 demonstrated that the three dimensional trajectory de-. . 


scribing instantaneous force, velocity and length provides a very specific 


- fundamental description'of muscle shortening. In the intact ventricle, 


on the other hand, this relation has been difficult to demonstrate because 


of limitations in coritinuously monitoring and controlling chamber- .”’ 


volume and pressure. In 1972 these shortcomings were circumvented 
with the development and application of a mechanical servo system to -~ 
the isolated canine heart.” Consequently over the past 4 years we have . 
been. able to examine systematically the major determinants of left 
ventricular wall shortening.*? In this article we present a review of these ` 
properties of shortening that will serve as a background to the inter- ` 


pretation of the failing heart and its response to various therapeutic : 
„interventions. ; l 


ae 
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FIGURE 1. The isovolumetric 
force-length relation. Net wall force 

and mkd wall flber length have been 
normalized by the unstretched 
cross-sectional area of muscle and ’ 

length, respectively. A, relation of 

total (co), developed (ca) and resting 

(aa) normalized force (g/cm?) to O7 
initial fiber length (L/Lo). in all hearts 























and for. the physiologic range of g fa} 

filling pressures examined (1 to 25 Jaw i80 i j ; ' ae 

mm Hg) a maximal length at which 

fa declined was not observed. An 

oscillographic display of ventricular S0 1607 C = 

pressure for several Jsovolumetric | e Basal a 

beats obtained for various filling { sprp O.5ng/nn a 

volumes is Included. B, norepl- wee ae 

nephrine-Norepi) induced aug- ~~ 

mentation In the developed force- | vad wee 

length relation. The extent of this | gee _— 

nonparallel shift in slope was de- oer : 

pendent on the rate of drug infuslon. ; 

C, pharmacologic depression of the ot; “j 0+ 1r T 

developed force-length relation with 1.40 1.02 Ly 113 
0 


propranolol (Prop). 
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FIGURE 2. Left, comparison of isovolumetric and ejecting force-length relations. Despite variations in initial length and loading the ventricle shortens 
within the confines of its lsovolumetric relation. Consequently, the end-systolic and lsovolumetric forcetength relations are equivalent. Reproduced 
from Weber et al. with permission. Right, three contractions of variable ejection force or Instantaneous shortening load. For equivalent conditions 
of initial length and onset of ejection force the extent of shortening is determined by Instantaneous shortening load. Despite these differences the 
ventricle shortens to the Isovolumetric force-length relation (dotted IIne). Reproduced from. Weber and Janicki?” with permission. 
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Experimental Findings 


Force-Length Relations of Isovolumetric and . 
Ejecting Contractions 


In the isovolumetrically beating heart (Fig. 1A) increases 
in filling volume or initial mid wall circumferential fiber length 
(L/Lo) are associated with progressive increments in both 
resting (cg) and total (sọ) force. Here force is normalized by 
the unstretched cross-sectional area of muscle.® The difference 
between op and og represents the active component of devel- 
oped force (sa). This length-dependent property of the myo- 
cardium (Frank-Starling response) was operative over the 
physiologic range of filling pressures (1 to 25 mm Hg). More- 
over, within this range and contrary to findings in papillary 


. muscle, a length at which ca peaks and subsequently declines 


was not observed in the nonischemic heart. Thus the normal 
heart functions on an ascending force-length relation. 

Variations in contractile state (Fig. 1, B and C) create 
nonparallel shifts in the isovolumetric developed force-length 
relation; positive and negative inotropic interventions re- 
spectively raise or lower the slope of this linear relation. For 
example, after the administration of norepinephrine, the 
ventricle is able to develop a greater force from any given fiber 
length. In addition, this augmentation in force is dependent 
on the rate of norepinephrine infusion (Fig. 1B). On the other 
hand, propranolol will attenuate the force-length relation (Fig. 
1C). Thus the contractile state-dependent isovolumetric de- 
veloped force-length relation represents the maximal force 
that can be generated for any given length. 







NOAA AAHS 
EEREEnEN 


j 


—VELOCIT Y—— 




















w 
a 








INSTANTANEOUS FORCE-VELOCITYLENGTH RELATIONS—WEBER AND JANICKI 


The relation of force and length attained at end-ejection 
is equivalent to the isovolumetric or maximal force-length 
relation.® A typical response is given in the left panel of Figure 
2 where end-diastolic; onset and end-ejection force-length 
values are represented for a series of contractions. For ex- 
ample, from an end-diastolic length (L/Lo) of 1.198 (point a), 
the ventricle will develop an isovolumetric force (a) of 112 
g/cm? (point b). When peak force is reduced 46 percent to 
point c and a corresponding onset ejection force of 59 g/cm?, 
shortening occurs until a force of 45 g/cm? is encountered ` 
(point d). The course of this ejecting contraction is described 
by acd. Another length (point w) and two variably afterloaded 
contractions (wad and wyb) are also given. In each case the 
equivalence of end-systolic and isovolumetric force-length 
relations is apparent. The gradations in shadowing for the 
force-length loops represent the overlap in shortening between 
these contractions. 

The validity of this observation is likewise demonstrated 
when the time course of ejection force and contraction length 
are purposely varied from a given initial length (right panel, 
Fig. 2). As the instantaneous force opposing shortening (that 
is, the shortening load or afterload) is varied, the extent of 
shortening, and thereby end-systolic length, could be ma- 
nipulated. Thus, in the example given and from a given end- 
diastolic length three different end-systolic lengths are ob- 
tained. In each case shortening is completed at that time when 
the ejecting force-length relation value corresponds to a point 
on the isovolumetric force-length relation (dotted line). Fi- 
nally, the equivalence of ejecting and nonejecting relations can 
be documented during both positive (norepinephrine-in- 
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FIGURE 3. Instantaneous force- 
velocity-length relations derived for 
a serles of four variably. afterloaded 
beats. The two dimensional rela- 
tions of forcetength, velocity-length - 
d and velocity-force are given in 
panels A, B and C and then com- 
bined into the three dimenslonal 
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32 ~~ ‘trajectories In panel D. Reproduced 
from Weber and Janicki” with per- 
mission. 
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duced) and negative (propranolol-induced) variations in 
contractile state.6 Therefore for any given contractile state 
the ejecting ventricle contracts within the confines of its iso- 
volumetric developed force-length relation. 

In the broadest sense one could then, view the mechanical 
process of contraction as follows; After depolarization and 
from a given resting length, the ventricle will generate a net 
wall force during the isovolumic phase of its contraction. This 
force is a function of chamber volume and pressure (intrinsic 
load). With ejection the myocardium must also sustain a given 
force (that is, the shortening load) whose magnitude is a 
function of the instantaneous change in chamber dimension 
and pressure and where the course of pressure is determined 
by the characteristics of the arterial bed (extrinsic load). 
Shortening will cease when a force is reached that is maximal 
for the accompanying instantaneous length: hence, the in- 
terrelation of ejecting and isovolumetric conditions. Therefore, 
the extent of shortening and end-systolic length are deter- 


mined by the instantaneous course of systolic force and length 


and are quite independent of initial length and time of con- 
traction. 


Instantaneous Force-Velocity-Length Relations 


To illustrate further the role of instantaneous force and 
length on the extent and velocity of mid wall circumferential 
fiber shortening, variably afterloaded or preloaded contrac- 
tions may be examined and the respective three dimensional 
trajectories of force, velocity and length derived.” 

Figure 3 illustrates these findings for a series of afterloaded 
contractions. Four counterclockwise force-length loops are 





shown in panel A together with the isovolumetric relation 
(broken line). The parabolic velocity-length relations given 
in panel B indicate that the maximal velocity of shortening 
is not attained instantaneously; rather, a finite time is required 
with maximal velocity reached at a lesser length than the 
initial or end-diastolic value. For these contractions traversing 
over equivalent instantaneous ejection lengths it is clear that 
the maximal and instantaneous velocity of shortening are 
determined by the instantaneous force opposing that short- 
ening. The resultant well known reciprocal peak velocity-force 
relation is given in panel C. Panel D depicts the trajectories 
generated by these beats that may be applied toward the 
construction of a three dimensional surface describing these 
instantaneous relations (see later). 

The response to variations in filling volume while the ab- 
solute level of ejection pressure is held constant is given in 
Figure 4. For each increment in initial length an augmentation 
is observed for resting force, maximal velocity and the degree 
of shortening. This length-dependent increment in shortening 
may be viewed as the heart’s diastolic reserve. The systolic 
force trajectories, determined by the reduction in chamber 
dimension, followed a common path terminating at a constant 
end-systolic length. Consequently, the response in velocity 
for these beats traversing a path of equivalent instantaneous 
force indicates that the rate of shortening is a function of in- 
stantaneous length and independent of time. The three di- 
mensional plot describing the course of these beats is given 
in panel D. 

Thus, the instantaneous velocity of shortening for any 
given contractile state is determined by both instantaneous 
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force and length. The response in shortening to the pharma- 
cologic depression of contractile state by propranolol is de- 
picted in Figure 5 where control (beats c and d) and beta 
blockade (beats ¢ and d’) data are given. As expected, the 
end-systolic force-length relation is shifted to the right after 
administration of propranolol so that for comparable condi- 
tions of initial length and systolic force the instantaneous 


—Velocity 


FIGURE 6. Schematic representation of the three dimensional plane 
describing the force-velocityength characteristics of a given contractile 
state, The Course of a single contraction Is given as the dotted line with 
points a, b, c and d representing end-diastole, onset of ejection, end- 
ejection and onset of filling, respectively. A positive Inotropic agent 
would augment the dimensions of the plane and shift it toward the 
reader; a depression in contractility would reduce the plane and move 
tt away from the reader. 
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FIGURE 5. Response in instanta- 
neous force-velocity-length to the 
pharmacologic depression of con- 
tractile state with propranolol. Beats 
c and d are for control conditions 
and c’ and d’ for conditions after 
administration of propranolol (0.5 
mg/min). Reproduced from Weber 
and Janicki” with permission. 
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velocity and extent of shortening are reduced. The three di- 
mensional planes representing these two contractile states are 
given in panel D. With a positive inotropic agent such as 
norepinephrine the results are opposite in direction. The 
end-systolic force-length relation is shifted to the left with a 
greater rate and extent of shortening observed for any given 
length or load. The degree to which the slope of the isovolu- 
metric relation may be raised will determine the increment 
in shortening and consequently reflects the systolic reserve 
of any given heart. . 

By utilizing the previous trajectories a contractile state- 
dependent envelope representing the mechanical behavior of 
the ventricle may be constructed. Such a geometric solid is 
shown in Figure 6. The course of a single contraction from 
end-diastole to onset and end-ejection, and onset of filling, 
occurring within this surface is represented by a, b, c, d, re- 
spectively. Shortening ceases when the isovolumetrie force- - 
length relation (point c) is reached. Intrinsic or pharmacclogic 
shifts in myocardial contractile state would either increase 
(toward the reader) or decrease (into the page) the dimensions 
of this surface. These concepts will now be developed for the 
clinically failing heart. 


Clinical Correlates 


The-Falling Heart 


Clinica] definition of heart failure: As used here 


. our definition of failure specifically refers to a com- 


promised contractile process of the left ventricle that 
results in an inadequate forward flow. By inference, 
failure would signify an abbreviated extent of fiber or 
wall shortening. In the discussion that follows we 
broadly consider acute and chronic forms of failure. 
These examples do not necessitate our considering 
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‘ 


etiology. A reduction in contractile state or slope of 
isovolumetric force-length relation will account for a 
decline in shortening for any given condition of length 


or load. For. example, -consider the two force-volume ` 
loops illustrated in: Figure 7, One loop (n) was derived _ 


from a patient: with normal- ventricular function and 
coronary arterial anatomy, and the other (i) from a pa- 
tient with ischemic heart disease and previous myo- 
cardial infarction. The theoretical isovolumetric 
force-length relation for each heart is included and 
marked n and i, respectively. For esséntially equivalent 
conditions of initial and instantaneous length and 
loading, the chronically infarcted heart, considered as 
a contractile unit, shortens less and by inference at a 
reduced rate. This abbreviation in shortening would be 
reflected in the calculation of ejection fraction. The 
variable degree of ventricular dysfunction that exists 
immediately after acute myocardial infarction has been 
previously characterized by the absolute level of stroke 
volume.®? The graded reductions in shortening despite 
elevations in filling pressure (LVFP) reflects a pro- 
gressive decline in contractile state (that is, systolic 
reserve) and in all likelihood a greater quantity of ac- 
cumulative myocardial injury. 

With a knowledge of the end-systolic force- asiko or 
volume relation in a given heart we can predict its con- 
tractile state. Noninvasive clinical techniques could be 
utilized for this purpose (for exaniple, echocardiography 
to determine end-systolic volume and the sphygmo- 
manometer measurement to calculate the pressure of 
aortic valve closure).!° That is, the end-systolic force- 
volume relation is determined under basal conditions 
and after administration of amy] nitrate or nitroglycerin 
and the slope of the resulting force-volume relation is 
calculated. In this connection Suga et al.!! utilized the 
end-systolic pressure/volume ratio, or Emax. The present 
status of their work and its application as an index of 
contractile state are reviewed by Sagawa and co-workers 
in the succeeding paper of this Seminar.!” 

The contractility concept in failure: Up to this 
point in the discussion we have given a clinical definition 
and a physiologic explanation (depressed myocardial 
contractility) of failure. A few additional comments on 
the concept of contractility would appear to be in order. 


` Consider that immediately after myocardial infarction 


there is an acute reduction in contractile state. Specif- 
ically, a depression in the overall function of the ven- 
tricle now exists as a result of the infarcted segment. 
Subsequent compensatory responses, first in neuro: 
humoral control and then in wall hypertrophy, will serve 
to alter this initial level of depression. In assessing 
contractile state for the ventricle as an integrated 


_ muscle-pump unit, the cumulative variable influence 


of these responses will be apparent. Harrison and 
Reeves!® proposed the terms basic and manifest con- 
tractility to separate these effects. The basic contractile 
state refers to the intrinsic condition of the myocardium 
devoid of extraneous influences as might be assessed 
with the combined use of propranolol and atropine.!4 
The term manifest contractile state represents the 
combined influence of both intrinsic and extrinsic fac- 
tors regulating performance. Thus, as used in this report 
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FIGURE 7. Application of physiologic principles of contraction to the 
Interpretation of the failing heart. For any given reduction in contractile 
state the forcetength relation Is shifted to the right. Two force-volume 


‘loops are given. One for a patient with normal hemodynami¢s and 


coronary circulation (n) and the other for a patient with ischemic heart 


disease (i). Force Is given in dynes X 10°. See text. 


we are referring to the manifest contractile state in any 
given patient. - 

Systolic wall force in failure: In the compromised 
ventricle the reduction in chamber dimension, and 
thereby systolic wall force, during ejection is attenuated. 
Figure 7 shows that ejection force decreased approxi- 
mately 55 percent in the normal ventricle; in the in- 
farcted heart, it decreased only 20 percent. For an en- 
larged and failing heart the variation in chamber di- 
mension will be even less. Thus, the absolute level of 
force would remain higher at any instant of ejection.}516 
In similar fashion an excessive shortening load would 
characterize the failing hypertensive heart or one with 
significant outflow obstruction.'>!6 Because shortening 
is dependent on instantaneous:force a greater sustained 


mean force during ejection (afterload excess) will result 


in a decrease in shortening. Reducing initial and in- 
stantaneous chamber size and thereby force in such a 
heart with use of a diuretic or vasodilating agent will 


` permit an augmentation in shortening without having 


influenced contractility. 


The Concept of Unloading 


Vasodilator therapy: Positive inotropic agents such 
as digitalis, aimed at improving contractile state, for- 
ward flow and thereby the symptoms of pulmonary 
venous hypertension, have long been the mainstay of 
treatment for the compromised ventricle. In the 
chronically failing enlarged heart having a marked re- 
duction in its maxima] force-length relation (that is, 
limited systolic reserve) it may no longer be possible to 
augment shortening with such measures (that is, re- 
fractory failure). Alternatively, in the acutely ischemic 
failing normal-sized heart, these agents may unfavo- 
rably augment metabolic demand and thereby increase 
infarct size. Thus it may be necessary to work within the 
given contractile state (or isovolumetric force-length 
relation) while providing for conditions that favor a 
greater degree of shortening. From the foregoing it 
should be apparent that this could be achieved by re- 
ducing instantaneous shortening load (that is, de- 
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creasing the pressure and radius variables of systolic 
wall force). Several vasodilators have received much 
recent attention.!”- 22 However, the cardiocirculatory 
effects of these agents do differ depending on their 
relative influence on systemic resistance and venous 
capacitance vessels.!9 Moreover, the response of any 
ventricle will be dependent on its size, distensibility and 
contractile state. All of these factors must be taken into 
consideration when selecting among these agents. 
Inotropic agents: In the enlarged failing ventricle 
with low output and high filling pressure nitroprusside!” 
and phentolamine!® have been observed to provide a 
significant reduction in systemic arterial and ventricular 
end-diastolic pressures while stroke volume (that is, wall 
shortening) was increased. The response in wall short- 
ening to these drugs after acute infarction had been 


dependent on the absolute level of left ventricular filling. 


pressure.2° For example, in the ventricle with high initial 


filling pressure (more than 15 mm Hg), stroke volume - 


was increased. In these hearts the increment in fiber 
shortening induced by the reduction in instantaneous 
systolic force would be greater than the moderate 
counteracting reduction in initial and instantaneous 


- fiber length. When the reduction in filling pressure in 


such patients was marked (to approximately 10 mm Hg 
or less), stroke volume decreased or did not change. For 
conditions of lesser filling pressure (less than 15 mm Hg) 
the reduction in length-dependent shortening (Frank- 
Starling) predominates and consequently stroke volume 
decreases. Consequently the combined influence of such 
agents on (1) the systemic and venous circulations, (2) 
initial and instantaneous force and length, and perhaps 
(3) the response in subendocardial blood flow would 
appear to account for this variable response. Drawing 
on the recognized length-dependent properties of con- 
traction one of us (K.T.W.) found it possible to estimate 
broadly left ventricular filling pressure (that is, normal 
or elevated) by monitoring the bedside response of heart 





rate to sublingual administration of nitroglycerin in 
patients after infarction (unpublished observations). 
That is, when left ventricular filling pressure falls to 
normal levels with nitroglycerin stroke volume will 
decrease; afferent. baroreceptor activity then diminishes, 
prompting an increase in heart rate. 

Combined vasodilators and counterpulsation: ii 
the patient with shock after acute infarction the value 
of vasodilator therapy is somewhat limited because of 
the unfavorable associated reduction in aortic or coto- 
nary perfusion pressure. On the other hand, artetial 
counterpulsation with the intraaortic balloon will un-: 
load the ventricle while augmenting aortic diastolic 
pressure? and therefore is a more desirable form of 
treatment in these patients. The combined use of a va- 
sodilator with an external counterpulsation device has 


“recently been shown to provide the desired unloading 


without compromising coronary flow.*4 

In closing, the instantaneous forcé-velocity- length 
relation serves to describe both the contractile state and” 
shortening characteristics of the left ventricle. It-thus 
provides a means of interpreting the failing heart and 
its response to therapeutic agents. At present use of the 
velocity-sensing catheter would appear to be the most 
feasible method of obtaining this information during 
diagnostic cardiac catheterization. With this device 
Peterson et al.!° demonstrated the abnorrnal time 
course of wall force.and the reduced shortening velocity 
in the diseased heart. Nichols et al. also used the ve- 
locity sensor to determine altered ventricular function 
in patients with ischemic heart disease and contractile: 
segment abnormalities. Their findings are presented 
elsewhere in this seminar. 
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A thesis recently developed from a serles of experiments on the isolated 
canine left ventricle is described. It is claimed that the ventricular pres- 


sure/volume ratio at end-systole Is relatively insensitive to cardiac loading . 


- and varles greatly In response to changes in ventricular contractility. The 


clinical viabllity of thls basic finding rests on the substitution of diameter 
for volume in this formulation. Diameter can be measured using a nonin- 
vasive ultrasonic technique In the clinic. Accordingly, end-systolic 
pressure/diameter ratio was studied In the Isolated preparation and found 
to be similarly Insensitive to loading conditions and sensitive to inotropic 
interventions: 

.A further analysis of the pressure/diameter ratio in the ventricle of the 
conscious dog Is in progress. In parallel with these studies, use of the 
pressure/dlameter ratlo to evaluate contractility In cardiac patients is 


being tested. The preliminary findings from conscious dogs ‘and clinic 


patlems are poy discussed. 


There exist two common techniques for assessing the contractile state of the 
heart. The first is to evaluate cardiac pump performance in terms of Starling’s 
cardiac output curve or Sarnoff’s ventricular function curve.! The second and 
clinically more popular method is to estimate the contractile state from a measure 


of shortening velocity of the cardiac wall fiber or its hypothetical contractile 


element.2 
Determination of the ‘halite output or left yentricular function curves requires 


that-cardiac output be measured while the filling pressure of the left heart is . 


varied over a wide range of values.! Because either curve is sensitive to aortic 
pressure, it is desirable to contro! this variable as well. The maneuver required 


is difficult at best and even more intractable in the patient with a failing heart. . 


Moreover, the resulting measures have been shown to be relatively insensitive 
to oncoming or latent failure. 

The determination’ of shortening velocity has been reduced to a relatively 
noninvasive and accurate procedure by the recent advance in echocardiography.” 
Unfortunately, shortening velocity of cardiac muscle is dependent not only on 
contractility but also on the instantaneous muscle force and length and the time 
frora the onset of contraction. The differentiation of normal and abnormal 


contractile states from the magnitude of shortening velocity- thus has only em- 


pirical justification. 

Some of our recent work in the canine ventricle has pointed to a third tech- 
nique for the characterization of the contractile state. Our measure is based on 
the time-varying systolic pressure/volume relation. After a brief account of this 
ongoing research, we describe a preliminary study aimed at the clinical imple- 
mentation-of the new index. In additon, we describe the direction of further re- 
search and the assumptions that will be necessary to make the index fully use- 
ful. x . . > 7 
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Basic Findings on Pressure-Volume Relatlon 


Instantaneous Pressure-Volume Relations 


From a study on 12 excised cross-circulated left ventricles 
of the dog we found a rather simple relation between the in- 
stantaneous pressure and instantaneous volume, which is 
insensitive, at least in systole, to pre- and afterloading con- 
ditions.3 Figure 1 exemplifies this relation. The data plotted 
were collected from the systolic phase of multiple isovolumic 
and ejecting beats in a single ventricle under a constant con- 
tractile state. First, we specified a particular time from the 
onset of contraction—for example, 100 msec—and plotted the 
pressure-volume data points measured in different beats 
starting from different end-diastolic volumes. The solid circles 
represent these data points. We then plotted a similar set of 
pressure-volume points specified at a different time, for ex- 
ample, 160 msec. The open circles represent the data. Many 
more data points were plotted (at 20 msec intervals) but are 
not shown in order to avoid obscuring the figure. A glance at 
these sets of data points indicates that they are distributed 
‘from lower left to upper right.in a linear fashion at any spec- 
ified time. We applied linear regression analysis to these sets 
of data as shown in the graph. The linear regression lines in- 
crease in slope with time and intersect the volume axis at 
nearly equal positive values. The time-dependent slope has 
the dimension of volume elastance (mm Hg/ml) because it is 
a ratio of pressure and volume; it is symbolized by E(t). The 
intersection point also moves with time—from 8 ml at 60 msec 
to 5 ml at 100 msec in this example—but thereafter it remains 
virtually at a fixed value. We designate this volume intercept 
“dead volume” (Va). i 
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- FIGURE 1. Ventricular pressure and volume data and instantaneous 


pressure-volume relations. These pressure and volume data were ob- 


talned from six Isovolumic and six ejecting contractions of a left ven- - 


tricle under a constant contractile state. Solld circles are the pres- 
sure-volume data points obtained at 100 msec after the onsst of systole. 


Open circies are data obtained at 160 msec. The solid rectilinear fines - 


are the linear regression lines of pressures on volumes obtained at those 
specified times as shown in the figure. Except for the very early part 
of systole, the linear regression lines are a good approximation to the 
instantaneous pressure-volume relation. 


On the basis of similar results of regression analyses applied 
to systolic pressure-volume data in 12 excised variably pre- 
and afterloaded left ventricles, we became convinced that the 
following empirical equation approximately describes the 
relation of instantaneous pressure P(t) to instantaneous vol- 
ume V(t): 


P(t) = E(t) [V(t) — Val (1) 


This equation allows us to predict the pressure in a given 
ventricle at a particular time during systole if V(t) and Vg are 
specified and E(t) is known. E(t) remains the same as long as 
the contractile state of the ventricle stays constant because 
it is unaffected by the end-diastolic volume or mode of con- 
traction (that is, whether the ventricle is contracting iso- 
volumically or ejecting blood against varying aortic pressure).3 
Because of this insensitivity to loading conditions, equation 
1 can serve as a simple but quite general description of ven- 
tricular contraction. Beneken and DeWit* arrived at a relation 
similar to equation 1 through a theoretical synthesis based on 
the hyperbolic force-velocity relation measured in isolated 
heart muscle. - ; 

Figure 2 illustrates how a change in the contractile state 
affects E(t) in a single ventricle. In the control state (top 
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FIGURE 2. Instantaneous pressure-volume relation Iines during a control 
(upper pane!) and an-enhanced contractile state with Isoproterenol 
(lower panel). Obvious differences are that the end-systolic pres- 
sure-volume relation fine Is reached much earlier and has a steeper 
slope under the enhanced contractile state. (Reproduced from Suga 
and Sagawa? with permission of the American Heart Association, 
Inc.) 
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FIGURE 3. instantaneous pressure-volume ratio curves (E[t] curve) 
of a left ventricle under three different contractile states. The super- 
imposed E(t) curves were obtained from the pairs of pressure and vol- 
ume curves shown In the upper channels. EPN = epinephrine. 


panel) the regression line with a maximal slope was reached 
at 220 msec with a Va value of 8 ml. After intracoronary 
infusion (0.2 g/min) of isoproterenol (bottom panel) the 
maximal (end-systolic) slope was reached as early as-160 msec 
after the onset of contraction, and its value became 50 percent 
greater than that in the control state. A similar increase in the 
slope and reduction in duration with an increased contractile 
state are evident in all other pressure-volume regression lines 
presented in the two panels of Figure 2. However, the value 
of Va changed little with isoproterenol. We conclude that a 
shift in the slope of these pressure-volume regression lines is 
an indicator of enhanced contractile state. The shift is most 
evident toward the end of systole. There is no need to control 
preload or afterload on the ventricle in order to make such a 
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FIGURE 4. Mean and standard deviation of the normalized pressure- 

volume (P-V) ratio curves (E[t] curves) from a large number of beats 

(no. = 103). For the method of normalization, see text. (Reproduced 

from Suga and Sagawa? with permission of the American Heart As- 

sociation, Inc.) 


comparison between two sets of regression lines (Ej); this 
point is discussed further in the next section. 


Instantaneous Pressure/Volume Ratlo Curve: E(t) 


Figure 3 shows the time-varying pressure/volume ratio 
E(t) from variably loaded beats under three different ino- 
tropic backgrounds in an in situ left ventricle. The intra- 
ventricular volume was determined by a cardiometer while 
the right ventricle was bypassed and collapsed with use of 
suction. In this figure E(t) is presented as an explicit function 
of time, calculated as 


E(t) = P(t)/[V(t) - Val. (2) 


Va was determined by the volume axis intercept of the linear 
regression of end-systolic pressure on volumes in a naturally 


. ejecting ventricle. E(t) was then computed from P(t) and [V(t) 


— Va] with an analog divider circuit. 

In the left panel of the figure (the control inotropic back- 
ground) it is seen that the E(t) curves from differently loaded 
beats superimpose on each other; that is, they are similar in 
shape, height and width despite the large variations in end- 
diastolic volume or systolic pressure load, or both. This is also 
true of the families of E(t) curves under the two enhanced 
states of contractility (middle and right panels). We represent 
the peak value of E(t) by Emax and the time to Emax by Tmax 
Variations of Emar and Tmax under a given inotropic back- 
ground were relatively small compared with the large increase 
in Emax and the significant shortening in Tmax With enhance- 
ment of contractile state. It appears that Emax and Tmax can 
quantitatively characterize the pressure-volume relation of 
a ventricle in a given contractile state. 

To confirm the similarity in the shape of E(t) curves we 
collected E(t) curves from 103 beats of 10 ventricles under 
varied loads and contractile states. We then normalized each 
E(t) curve so that their Emax and Tmax values would be unity 
(Fig. 4). When we superimposed the normalized E(t) curves 
from these beats the curves showed only a small scatter in the 
systolic phase as the small standard deviations represented 
by the broken lines in the ascending portion of the curve in- 
dicated. However, the diastolic phase of the normalized E(t) 
curve showed a much greater variation, particularly with a 
difference in the mode of contraction.3 The uniformity of the 
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FIGURE 5. Theoretical relation of both stroke volume and ejection. 


fraction to end-systolic pressure/volume ratlo (Emax) with a given set 
of end-diastolic volume {Vea[preload]) and end-systolic pressure Pes 
[afterload]}. Vy = dead volume. 
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normalized E(t) is used as a basis for the clinical identification 
of the Va value described later. 


Varlations In Emax Value 


We have found that Emax varied at most about +10 percent 
with a given inotropic background.?56 Whether this small 
variation is due to spontaneous fluctuations in contractility 
during the experiment or to the effect of varied load remains 
to be clarified. In contrast, Emax can change by +25 percent 
as a result of the carotid sinus reflex’ and can increase as much 
as 200 to 300 percent as a result of an increase in cardiac 
sympathetic tone caused by cerebral ischemia.2 Compared 
with the changes in Emax caused by humoral agents or neural 
controls, the 10 percent spontaneous variation in Emax at a 
given inotropic background may be considered negligible. 
However, whether this variation is truly negligible for clinical 
evaluation of ventricular contractility remains to be seen. 


Implication of Emax for Ventricular Performance As a 
Pump 

By a simple formulation, we can predict the magnitude of 
stroke volume (SV) if ventricular end-diastolic volume (V.a) 
and end-systolic pressure (Pes) are known.? By definition, SV 
= Vad — Ves where Ves is end-systolic volume.’ Combining this 
with a specific version of equation 2 for end-systole (that is, 

es = Pos/Emax + Va) yields: 


SV = Vea = 


y _ Pes (3) 


Emax 


CYLINDER 






PRESSURE 
GAUGE 








FIGURE 6. Schematic diagram of the preparation for simultaneous 
measurement of ventricular diameter, volume and pressure. C = a palr 
of ultrasonic crystals implanted on the endocardium across the ante- 
roposterlor minor axis diameter. The cylinder connected to the ventricle 
measured volume changes In the ventricle. H = left ventricle. 





END-SYSTOLIC VENTRICULAR PRESSURE/VOLUME RATIO—~SAGAWA ET AL. 


The equation indicates that we can evaluate changes in the 
ventricular pumping function by measuring changes in Emax, 


end-diastolic volume and end-systolic pressure. 


Another simple manipulation yields the relation between 
ejection fraction (EF) and Emax: By definition, 
EF = SV/V, ed < 
Substituting equation 3 into this equation and rearranging 
it, we obtain EF as a function of Emax 88: 
P Va 
EF = 1 -— 2 2 
VedEmar Ved ° 
One example of these relations is illustrated in Figure 5. 
Note their nonlinearity and their. relative ARARO to 


` changes in Emax at high values of that index. 


Indirect Assessment of Emax from Pressure- 
Diameter Relation 


Accurate measurement of ventricular volume is difficult in 
the in situ intact ventricle. Various indirect methods of ven- 
tricular volume measurement could be used with allowance 
for inherent technical inadequacies.!° At a first step, we ex- 
amined the possibility that left ventricular volume, particu- 
larly end-systolic volume, might be assessed from the end- 
systolic diameter of the ventricular cavity.1! 

In excised cross-circulated canine left ventricles, the in- 
ternal minor axis diameter was continuously measured by a 
pair of ultrasonic crystals (Fig. 6). The ventricular pressure 
and volume were simultaneously measured in both isovolumic 
and ejecting beats: Correlating end-diastolic and end-systolic 
diameters and volumes as shown in Figure 7, we found that 
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FIGURE 7. Correlation between left ventricular diameter and volume 
at end-systole and end-diastole in both Isovolumic and ejecting beats 
of four different hearts of 20 kg dogs. The nonlinear curve (V = 1.01 
D3-18 = 1.20 D3) and the rectilinear line (V = 32.4 D — 64.8) were ob- 
tained by nonlinear and linear regression analyses, respectively. Both 
can approximately represent the relation between the diameter and the 
volume. (Reproduced from Suga and Sagawa”! with permission of the 
American Physiological Society.) 
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FIGURE 8. Shifts of the end-systollc pressure-diameter and pres- 


sure-volume relations with enhancement of contractile state with in- 
tracoronary infusion of Isoproterenol (0.2 4/min). Emax = slope of the 

- pressure-volume regression line. €max = slope of the pressure-dlameter 
regression line. 


the relation between the diameter (D[cm]) and volume (V[ml]) 
of the left ventricle could be characterized by either a non- 


` linear cubic formula (V = 1.2 D3) or a linear one (V = 32D — - 


65) over the physiologic range of volume.!! Deviation of the 


data from these empirical curves was found to be ‘about 8 . 


percent on average. 

Encouraged by the approximately linear aioa between 
volume and diameter at end-systole, we attempted to examine 
whether the end-systolic pressure/diameter ratio could be 
used as an index of contractility in place of Emax. The data 
shown in Figure 8 support the view that a change in contractile 
state could well be assessed from a shift of the end-systolic 
pressure/diameter ratio (émax) as well as the end-systolic 
pressure/volume ratio (Emax), at least in the normal canine 
ventricle. However, when the shape of the ventricle becomes 
abnormal due to dilatation or hypertrophy, or both, the 
relation between end-systolic volume and end-systolic di- 
ameter may no longer be linear and the pressure/diameter 

` ratio may not represent the contractile state of the ventricle 
as clearly and uniquely as it does in the normal heart. 


End-Systollc Pressure/Diameter Ratlo In 
‘Conscious Dogs 


We considered it important to verify our findings in the 
ventricles of chronically instrumented conscious dogs before 
undertaking a serious clinical study. Four dogs were implanted 
with a pair of sonomicrometer crystals to measure left ven- 
tricular internal minor axis diameter and an intraventricular 
catheter (through the apex) to measure intraventricular 
pressure. Two occluding cuffs, one around the descending 
aorta and the other on the inferior vena cava, were implanted 
to provide a means of changing the afterload and preload on 
the heart. 
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FIGURE 9. Pressure-diameter relations under varled load conditlons 
in consclous dogs. Both panels show a linear relation between end- 
systolic pressures and diameters for a given contractile state. The upper 
panel shows a definite Increase In slope from the contro! to the en- 
hanced contractile state. In the lower panel there is a parallel shift of 
the line from the control to the enhanced contractile state. The thickness 
of each pressure-diameter loop represents the resplratory variation. 


Approximately 10 days after operation, experiments were 


‘performed with the animal conscious. On the day of the ex- 


periment a venous catheter was.introduced into a hind limb 
vein under local anesthesia. To prevent reflex and other 
changes in contractility, the dog’s heart was pharmacologically 
denervated with 1.5 mg/kg of propranolol and 0.2 mg/kg of 
atropine injected through the. venous catheter. While the . 
animal was lying quietly on its side, control pressure-diameter 
data were obtained. The afterload on the ventricle was in- 


- creased and then the preload was decreased in an attempt to 


obtain at least three pressure-diameter loops widely distant 
from each other under this control contractile state. Similar 
pressure-diameter loops were obtained under an enhanced 
contractile state by a constant infusion of approximately 15 
mg/kg per min of calcium chloride. 

The results from these four experiments are shown in 
Figure 9. The data show that there is a reasonably linear 
relation between end-systolic pressures and end-systolic di- 
ameters in a given contractile state; that is, the left upper 
corner of the pressure-diameter loops falls on or near a recti- 
linear curve. The upper panel indicates that when the con- 
tractile state was enhanced with infusion of calcium ion in two 
dogs, the slope of the end-systolic line increased with no sig- 
nificant change in the diameter axis intercept as seen in our 
previous experiments on excised hearts. However, in the other 
two dogs shown in the lower panel, there was a nearly parallel 
shift in the end- systolic line similar to the findings of Mahler 
et al.!2 With the small amount of conscious dog data available 
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at present we are unable to make any conclusive statement as. 


to whether the parallel shift or slope change of the end-systolic 
pressure-diameter line occurs with a change in ventricular 
contractility. 


Prellminary Studles In Patients 


Under the direction of Dr. M. Weisfeldt in the Car- 
diac Research Division of the Johns Hopkins Hospital, 
a team of cardiologists has just begun a clinical evalu- 
ation of our index of ventricular contractility. The pa- 
tients have been selected. from among those who un- 
derwent cardiac catheterization for diagnostic purposes. 


The left ventricular pressure is monitored by a-cathe- © 


ter-tip manometer and the left ventricular minor axis 
dimension is determined with echocardiography. We 
are assisting the group in estimating Emax values in these 
patients. Two assumptions are made for this purpose: 
(1) as in short-term dog experiments, the normalized 
E(t) (pressure/volume ratio) curves for beats with dif- 
fering levels of contractility become superimposable if 
the correct Vd (dead volume) value is used, and (2) the 
results found in terms of E(t) for steady state beats are 
applicable to transient, beats. These two assumptions 
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are in turn being carefully tested in experiments on the 
chronic dog preparation. 

The values of Emax [peak value of Ey] determined in 
patients were compared with subjective independent 
gradings of their left ventricular function. Data from 11 
patients indicate á highly significant. rank correlation 
between Emax and the subjective grading of left ven- 
tricular function. There was no significant correlation 
between dP/dt/P’ and the grading of left ventricular 


`. function.13 On the basis of these preliminary findings 


in patients we speculate that Emax may have a broader 
range of sensitivity than other currently used indexes 
in detecting altered contractility in man. Our final goal, 
a totally noninvasive technique for determining Emax 
in-man, seems to be on the horizon. The technique will 
require a noninvasive measure of intraventricular 
end-systolic pressure. This is a difficult obstacle to 


_ overcome. One possibility that suggests itself is use of 


a transcutaneous carotid arterial pressure transducer 
calibrated against a sphygmomanometer reading. The 
efficacy of such an indirect measure of end-systolic left 
ventricular pressure for the determination of Emax re- 
mains to be demonstrated. 
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"Instantaneous Force-Velocity-Length Relations `. eE 
in the Intact Human Heart. ee 


~ WILMER W. NICHOLS,- PhD. Se aa a The contractile state of the left ventricle was imahe in: 10 patients using’ 


"C. RICHARD CONTI, MD, FACC ; ` measurements of instantaneous ascending ‘aortic’ blood flow velocity, left. 
CARL J. PEPINE, . MD,- FACC -° | -`+ ventricular pressure and: ‘end- diastolic volume. Instantaneous left ven-. - 


5 tricular volume at 10 msec ‘intervals was derlved by subtracting: the cu- 
i , ‘mulāative volumes (integral « of flow) ejected during each sampling interval: 
n., from angiographically derived end-diastolic volume. Circumferential fiber 
j Riess ; e NAS -shortening velocity and wall force were calculated as flow rate/4rr? and: 
Age a S -left ventricular pressure X zr2, respectively. The instantaneous. radius. - 
OSes oR Le BE athe a >l o (r) was calculated by assuming a spherical model for the left ventricle. 
mer et ba oe, Applying a Hill model for muscle contraction, contractile element velocity” 
; i l ' was calculated as the sum of circumferential fiber shortening velocity, and ` 
. series elastic. element: velocity. Serles elastic element velocity was. cal- - ; 
culated from: the time rate of change ot wall force (dF/dt)- and serles 
-elastic element stiffness. $ 
- ' _ Instantaneous force-velocity- -length relations were clearly different in. 
. five patients with normal left ventricular function’ (Group I) from those In `; 
r five patients -with impaired left ventricular function (Group il). Peak 
: Pe ae PATRA VA A o P “contractile element velocity averaged 28.2 cm/sec. or 1.35 circumfer- 
EE RE Ce Ee CES ences per second (clrc/sec) in Group | and 19.4 cm/sec (P <0.01) oF-1.01 
l Ee nae -` * @lre/sec (P <0.01) In Group Il. Also, both peak and mean circumferential . 
fiber shortening velocity were greater in Group | (averages 35.1 eni/aoc 
- or 2.12 circ/sec; and 21.4 cm/sec or 1.28 circ/sec, respectively) than , 
' i TDR . a4 '_, in Group- ll (averages 24.3 cm/sec [P <0.05] or 1.41 circ/sec [P <0. .05); oe 
a n se T uS 15.4 cm/sec [P <0.025] or 0.85 clrc/sec [P <0. 01}, respectively). Three 
; ; a 5 ` ` + patients in Group II had normal hemodynamics and peak circumferential — 
fiber ‘shortening velocity values; however, at comparable forces “clr-, - 
Bs es Ns 8 ZEA cumferential fiber shortening velocity was always less in this group. (P= 
Cae palan oe a "4, <0, 005). Circumferential fiber shortening velocity at peak force. was - 
i a E 2 higher In each Group | patient (averages, 21.2 cm/sec or 1. 13 circ/sec) 
ce i -< than in Group Il patients (averages: 14. 3 cm/sec [p <0. cele or 0, 77° 
“igs a (ena gre ES ey ne r 


ga Gainesville, Florida ` 


. It has eon demonstrated! that the contractile stats ôf isolated cat pa~ ` 
-. pillary muscle preparations can be characterized by the relations of in- 
noe oe . : gtantaneous force, velocity and length measurements. A similar i inverse’ 
et 5 -© hyperbolic relation between force and fiber shortening velocity: has also 
Pe S gs ` *. been shown to exist in isolated human papillary muscle.” Positive ino:* > 
From the Departments of Medicine and. Physiol- . tropic ‘interventions, such as increased frequency of contraction or ad~ ` -` 


json y or dian Moonta gem bo . ministration of norepinephrine or calcium,! introduced at any: muscle -.. 
Florida. This work was, supported in part by Grant `~ . length shift the force- velocity curve upward and to the right and increase. 
HL 17717-02 from the National Institutes of Health, . the maximal velocity at zero: load. This type of shift in the force- velocity’. 
Bethesda; Maryland. Manuscript recelved January curve is considered to reflect: an increase in myocardial contractility.: ` 
ee April 11, _ Likewise, a shift of this curve in the opposite direction, that i is, downward, ` 
Address for repririts: Wilmer W. Nichols, PhD, , and to the left, is interpreted ‘as a’ decrease in contractility.? : 
l- University of Florida, Box J-277,.JHM Health ` The physical principles used in isolated muscle preparations have also : 


Center, Gainesville, Florida 32610. : ae been ‘applied successfully to the intact canine heart to hares, 
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TABLE I . - . 
Standard Hemodynamic and Angiographic Data From Patients With Normal and Impaired Left Ventricular Function 
Patient Age (yr) ` f : Coronary 
no. &Sex MI "SP/DP HR CI LVEDP LVEDV LVEF Anglogram Arteriogram Dlagnosls 
Group | (normal function) - oo 
1 37M No 114/71 64 2.6 8 124 73 Normal 1 vessel disease (LAD) CAD with angina 
2 28M No 131/95, 84. 25 9 111 61 Normal. ‘Normal ` Chest pain, uncertain 
: a ` atiology 
3 .57F No 162/71 60 3.5 12 163 72 Normal Normal 7 ; Chest paln, uncertain 
7 : ; ` : . ` etiology 
4 42M No 148/83 74 3.7 8 137 67 Normal . 2 vessel disease e (RCA, LCA) CAD with angina 
5 50M No 120/70 60 2:4 | 11- 133 62 Normal Normal —- Chest pain, uncertain 
$ 7 atlology 
} - Group Hi (impalred function) 
6 52M. No 122/77 79. 3.0 42 mo 60 Inferior akinesia Post-coronary bypass (grafts CAD 
i 3 , i patent) ` . 
7 44F No 122/69 81 2.7 8 78 74 Apical hypokinesia 2 vessel disease (LAD, LCA) CAD 
8 57M No 117/78 68 26 `12 129 65- Anterior hypokinesia Post-coronary bypass (grafts CAD 
. f ; : 5 . a patent) . . 
9 43F - Yes 95/75 80 2.5 15 177 30 Anterior & apical ` 3 vessel diséase (RCA, LAD, CAD 
: j f hypokinesia - LCA) 
10 41M Yes 124/76 886 27 . 19, - 167 35 Anterior & apical .2 vessel disease (LAD, LCA) CAD 
‘ dyskinesia 








CAD = coronary artery disease; C! = 
LAD = left anterlor descending coronary artery; LCA = 
LVEDV = end-diastolic volume (ml); LVEF = 
= peak systolic pressure (mm Hg). 


ventricular performance.45 Recently, these same me- 
chanical concepts have been used in the clinical as- 
sessment of cardiac function in ‘patients with and 


“without disease of the left ventricular myocardium. — 
Gault et al.6 utilized frame by. frame analysis of high 
. speed left ventricular cineangiograms to obtain force-_ . 


velocity-length relations. The development and clinical 


application of cardiac catheters with velocity sensors’ 


mounted at the tip’?® have provided an alternative 


method of calculating left ventricular fiber shortening l 


velocity in man. The latter technique has the advantage 
of avoiding potential contrast agent-related influences 
on these function parameters. Additional limitations 


relating to distorted ventricular. geometry and problems: 
relating only to single or biplane views of the changes ` 


in dynamic geometry are also not encountered.  - 
The purpose of this-study was twofold: The first was 


to determine peak and mean velocity of fiber shorten- - 


ing, velocity of fiber shortening at peak force and peak 
isovolumic contractile element velocity using a cathe- 
ter-tip velocity transducer. The second was to evaluate 


, the ability of these functions to detect differences in the . 
left ventricular contractile state of patients with and 


without nt myocardial disease. 
Methods 


Patients: Data were obtained from 10 patients undergoing 
. clinically indicated cardiac- catheterization studies. Informed : 


consent was obtained from each patient; investigational as- 


pects of the study were also approved by appropriate insti-. 
tutional committees for clinical investigation. The clinical- 
diagnosis and standard hemodynamic measurements are given 


in Table I. 


Five patients (Group I ) met previously established criteria 


for normal left ventricular dynamics ata rest based on the 





cardiac Index (liters/min per m?); DP'= aortic diastollc pressure (mm Hg); HR = heart rate (beats/min); 
left circumflex coronary artery; LVEDP = left ventricular’ and-dlastolic pressure (mm ) 
= lott ventricular ejection fraction: (%); MI = 


myocardial infarction; RCA = right coronary artery; 


clinical findings (normal physical examination and iaa 


“heart size on chest roentgenogram), standard hemodynamics 


(left ventricular end-diastolic pressure 12 mm Hg or less and 
cardiac index 2.2 liters/min per m? or more) and left ventric- 
ular angiography (ejection fraction 60 percent or more and 
normal wall motion). This group included three patients with 
chest pain of uncertain origin and normal coronary angio- 
grams and two patients with coronary arterial narrowing and 
angina pectoris. All five patients i in Group J had normal sinus 
rhythm and values that were within the normal range for heart 
rate (60 to 84 beats/min), cardiac index (2.4 to 3.7 liters/min 
per m2), left ventricular end-diastolic pressure (2 to 12 mm 
Hg), ejection fraction (61 to 73 percent) and symmetric and ° 
synchronous normal wall motion determined with-single plane 
left ventriculography (right anterior oblique). Left ventricular 
end-diastolic volume was normal (111 to 137 ml) in four pa- 
tients and increased (163 ml) in one. 

Five patients (Group II) were considered to have impaired 
left ventricular function. All had angiographically determined 
coronary artery disease with localized wall motion abnor- 
malities on left ventriculography. Three of these patients had 
normal hemodynamics and two had elevated end-diastolic 
pressure and volume and depressed ejection fraction. 

Data collection and analysis: Sodium pentobarbital (100 
mg orally) was given before cardiac catheterization. Instan- 
taneous ascending aortic blood flow was measured with a no. 
8 French Millar multisensor cardiac catheter (model VPC- 


” 683D) introduced through a brachial arterial cut-down pro- 
- cedure. In addition to the velocity sensor, located 7 cm-from 


the tip (Fig. 1), the catheter also contained two sensors to 
measure high fidelity aortic and left ventricular pressure. The 
tip of the catheter containing the pressure sensor was posi- 


- tioned in the left ventricle, with the velocity sensor located 


near the upper border of the sinuses of Valsalva. This ar- 
rangement-permitted stabilization of the velocity transducer 
in the central axis of the ascending aorta by the aortic valve. 
This position eliminates the spurious signal that appears when 


y z 
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FIGURE 1. Right, thé position of the velocity-pressure catheter in the 

ascending adrta with its velocity sensor near the upper border of the 
sinus of Valsalva. Positioning the catheter through the aortic valve 
tended to stabilize the probe in the central axis of the vessel and min- 
imize motion artifacts. Left, the actual signals (aortic [Ao] velocity with 
aortic and left ventricular [LV] pressures) recorded. from one of the 
patients. . 


the transducer lies against the wall of the vessel and minimizes 


wave form artifacts related to catheter motion. The velocity 
probe was energized with a model BL-613 Biotronex electro- 
magnetic sinewave flowmeter and the signal amplified with 
an Electronics for Medicine direct current amplifier. Because 


. the ascending aortic blood velocity profile is relatively flat,® 


the product of measured velocity and aortic cross- -sectional 
area is volume of blood flow per unit time. Therefore, by as- 
suming a constant (mean) aortic cross section the velocity 
signal is identical to a volume flow signal. The output signal 
of the velocity-meter was calibrated in cm3/sec by: reference 
to a simultaneous cardiac output determination using the dye 
dilution method before angiography. 
` Left ventricular end- diastolic volume was measured as 
soon 4s ‘poasible after the velocity- -pressure catheter was're- 
placed with an angiographic catheter using the method out- 
lined by Sandler and Dodge for. single plane ‘cineangio- 
grams. > 

Pressure and velocity liali were recorded on analog 


, l magnetic tape (Hewlett-Packard Model 3960) and later dig- 


itized at a sampling interval of 10 msec by an analog to digital 
converter (Biomation 1015). The peak of the R wave of a si- 
multaneously tecorded electrocardiographic lead was used as 


_ the time reference for each beat. Data analysis was carried out 
` ona model 9820A Hewlett-Packard programmable calculator 
- and resylts were plotted on a Hewlett-Packard X-Y plot- 


ter. 

Means and standard errors of the mean were calculated 
and the significance of comparisons of these data between 
Group I and H patients was examined using Student’s t test 
for unpaired data. Regression lines v were piore using a least 
squares program. `“ 

Calculations: Analyses of force- velocity relian were 


made at 10 msec intervals through the entire cardiac cycle | 
` using the method previously’ described by Levine arid Brit- 


man.*: 


i Te tanianoui left ventricular volume (V) was dema 


by: subtracting the integral flow at each 10 msec interval from 
the end-diastolic volume obtained from the ventriculogram. 
Assuming a spherical model, instantaneous radius (r) of the 
ventricle in ¢m was obtained by solving the equation: ` 


V= Sar? se 0) 
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: 


- Differentiating rr 1 with ae ea to time gives flow rate. 
(Q) (cm3/sec); that i is, 


ge ea ' ©- (2 


pices fiber shortening velocity (CFSR). in 
cm/sec, defined as the rate of fiber shortening at the equator . 
of the sphere, was calculated at each 10 msec interval as i 


d Q. ù i 
CFSR = 2+ = 55 TAE 


Total circumferential wall force (F) in dynes was Goed 
at similar intervals as 


F = xr?P 2 (4) 


where P is intraventricular pressure in dynes/cm2. Hefner et 


~- al.! found this force to vary directly with the measured force - 


necessary to keep together the two edges of a slit in the ven- 
tricular wall. The time rate of change of force in dynes/sec was 
obtained by differentiating equation 4 





dF_dF dl__ „dP. dr 
a ab a a ©) 
or i "A 
o ahr (CFSR)' .-  ® 


Velocity of contractile element shortening (VCE) in cm/sec 
assuming a Hill-type muscle model!” was derived as the sum 
of fiber shortening: veeo and series elastic element velocity 
(VSE). _ 


VCE=CFSR+VSE | (7) 

where Í 
2rr /dF are 
VSE = OOF Ge) oe R 


From equation 7 it is apparent that during isovolumic 
contraction when the muscle fiber is not shortening, con- 
tractile and series elastic element velocities are‘equal. Recent 
evidence!3.14 has shown that the series elastic constant ob- 
tained from quick-stretch and quick-release experiments in 
the intact ventricle has a value almost identical to that ob- 
tained in isolated papillary muscles (approximately 30, 
equation 8) and that this constant does not vary with time 
throughout the cardiac cycle. 


Results 


Calculated velocities from both patient groups (I and 
II) are tabulated in, Table II. 

Relation between circumferential fiber dior 
ening velocity and contractile element velocity: 
Figure 2 displays the time course of circumferential 
fiber shortening velocity and contractile element: vė- 
locity during ventricular systole obtained from a patient 
in Group I (normal: left ventricular function) and a pa- 
tient in Group II (severely impaired function). Ap- 
proximately 40 msec after the onset of force generation 
or ventricular contraction, contractile element velocity 
reached its maximal isovolumic value (averages 28.2 
em/sec.in Group I and 19.4 cm/sec in Group II, P <0.01) 
and then decreased to a minimum just after the begin- 
ning of ejection. Expressed as velocity per unit length 
of circumference, maximal contractile element velocity 
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TABLE It 


Circumferential Fiber Shortening and Contractile Element Velocity in Patlents With Normal and Impaired 


Left Ventricular Function 
























































Pationt Peak CFSR CFSR at Peak Force Mean CFSR Peak Isovolumic VCE 
no. cm/sec circ/sec cm/sec circ/sec cm/sec circ/sec cm/sec circ/sec 
Group | (normal function) 
1 42.2 2.63 24.2 1.26 25.3 1.58 26.3 1.33 
2 39.3 2.29 18.8 1.06 23.1 1.35 37.8 1.54 
3 24.4 1.50 20.5 1.05 19.6 1.15 24.3 1.13 
4 27.2 1.50 17.2 0.91 17.6 1.03 24.1 . 1.19 
5 43.4 2.70 25.1 1.39 21.3 1.31 28.8 1.57 
Mean 35.1 2.12 21.2 1.13 21.4 1.28 28.2 1.35 
+SEM +3.8 +0.26 +41.5 +0.08 +1.3 +0.09 +2.86 £0.1 
Group l! (Impaired function) ' 
6 30.6 1.76 15.3 0.85 18.1 1.01 21.2 1.13 
7 27.3 1.8 15.1 0.94 17.7 1.11 17.3 1.08 
8 29.1 1.8 18.4 0.84 18.4 0.98 20.4 1.01 
9 21.6 1.05 13.5 0.64 14.3 0.72 18.6 0.87 
10 12.8 0.64 11.3 0.56 8.4 0.42 19.7 0.94 
Mean 24.3 1.41 14.3 0.77 15.4 0.85 19.4 1.01 
+SEM +£3.3 +0.24 +0.9 +0.07 +1.9 +0.12 +0.88 +0.05 
Probabllity (P) Value 
<0.05 <0.05 <0.005 <0.01 <0.025 <0.01 <0.01 <0.01 





Circ = circumference; CFSR = circumferential flber shortening velocity; SEM = standard error of the mean; VCE = contractile element velocl- 


ty. 


averaged 1.35 circ/sec in Group I compared with 1.01 
circ/sec in Group II (P <0.01). During isovolumic con- 
traction contractile element velocity and series elastic 
element velocity are the same because circumferential 
fiber shortening velocity is zero. At the point of maximal 
force (crossover point of the two curves, Fig. 2), con- 
tractile element velocity and circumferential fiber 
shortening velocity are equal because series elastic ve- 
locity is zero (dl/dt = 0). After this point circumferential 
fiber shortening velocity exceeds contractile element 


FIGURE 2. Time course of circumferential fiber 
shortening velocity (CFSR, broken line) and 
contractile element velocity (Vog, solid line) during 
ventricular systole In a patient (Case 1, Group |) 
with normal (left panel) and a patient (Case 10, 
Group Il) with severely impalred (right panel) left 
ventricular functlon. Zero time is defined as the 
beginning of ventricular contraction. Peak isovo- 
lumic contractile element velocity occurs ap- 
proximately 40 msec after the beginning of force 
development: At approximately 75 msec the 
muscle fibers begin to shorten and ejection begins 
(arrow). At approximately 140 msec circumfer- 
ential fiber shortening velocity and contractile 
element velocity are equal and dl/dt = 0. There- 
after circumferential flber shortening velocity Is 
greater than contractile element velocity because 
of serles elastic element shortening (—dl/dt). Peak 
circumferential fiber shortening velocity and peak 
ejection contractile element velocity occur at “10 
about the same time (approximately 200 msec). 
Both of these velocities are greater than peak 
isovolumic contractile element velocity In the 
patient In Group | and smaller In the patient in (e 
Group ll. Both velocity curves are higher in the 

patient in Group | than In the patient In Group ll. 


40. 


30 


20 


VELOCITY (cm/sec) 


I 
d 
l 
l 
l 


November 1977 The American Journal of CARDIOLOGY Volume 40 


NORMAL 





Ejection Begins 


Nt 


velocity because of series elastic element “recoil” 
(—dl/dt). 

In all 10 patients studied peak instantaneous cir- 
cumferential fiber shortening velocity occurred after 
maximal force development. However, in two patients 
(Cases 9 and 10) with an abnormally low ejection frac- 
tion, peak force and peak circumferential fiber short- 
ening velocity occurred at almost the same time. Peak 
instantaneous circumferential fiber shortening velocity 
averaged 35.1 cm/sec (2.12 circ/sec) in patients in Group 
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FIGURE 3. Circumferential fiber shortening velocity (CFSR) at peak 
force. Data obtalned from patients In Group | (normal ventricular 
function) are represented by closed circles and those with impaired 
‘function (Group II) by open circles. Regression lines are displayed for 
the two patient groups. All points from patlents In Group | were higher 
than those from patients In Group Il (P <0.005). 


8 


I and 24.3 cm/sec (P <0.05) (1.41 cire/sec, P <0.05) in 
patients with impaired ventricular function (Group I). 
_ Also; peak ejection contractile element velocity and 
peak circumferential fiber shortening velocity occurred 
at approximately the same time (200 msec). However, 
in all patients in Group I peak ejection contractile ele- 
ment velocity was higher than peak isovolumic con- 
tractile element velocity. This was also true for Patients 
6, 7 and 8 with normal hemodynamics in Group II. In 
the two remaining patients (Cases 9 and 10) of this 
group peak isovolumic contractile element velocity was 
greater than peak ejection contractile element veloci- 
ty. ` 

Mean circumferential fiber shortening velocity: 
In patients with normal ventricular function (Group I) 
this value-averaged 21.4 cm/sec compared with 15.4 
cm/sec (P <0.025) in patients with impaired function 
_ (Group II) (Table II). When these velocities are ex- 
pressed in terms of instantaneous circumference, mean 
circumferential fiber shortening velocity averaged 1.28 
circ/sec in Group I and 0.85 circ/sec (P <0.01) in Group 
Il. 

Circumferential fiber shortening velocity at 
peak force: Figure 3 summarizes the relation between 
circumferential fiber shortening velocity and peak force 
for patients in Groups I (normal function) and II (im- 
paired function). Circumferential fiber shortening ve- 
locity at measured peak force averaged 21.2 cm/sec or 
1.13 circ/sec in Group I and 14.3 cm/sec (P <0.005) or 


0.77 circ/sec (P <0.01) in Group II (Table II). A linear ` 


or first order inverse relation between circumferential 


fiber shortening velocity and peak force was found in — 


both patient groups. The correlation coefficient was 
—0.84 in Group I and —0.61 in Group I. The Y inter- 
‘cepts (that is, extrapolated velocities at zero force) were 
significantly different (P <0.001): 37.1 cm/sec in Group 
I and 19.0 cm/sec in Group II. 

Total circumferential wall force and circum- 
ferential fiber shortening velocity relations: Values 





Normal 
O----- Impaired 





CFSR (cm/sec) 





FORCE (dynes X10*) 


- FIGURE 4. Instantaneous relations between circumferentlal fiber 
shortening velocity (CFSR) and total circumferential wal! force are 
shown throughout ejection in a patient with normal left ventricular 
function (soild loop, Group |) and a patient with severely Impaired 
function (broken loop, Group II). The arrows Indicate the direction of 
the force-velocity loop during the ejection period. Also plotted are the 
forces at which peak velocities occurred In all 10 patients studied. 
Closed circles denote patients In Group | and open circles patients in 
Group li. The parallel lines represent regression lines for the groups 
with. normal (solid) and abnormal (broken) function. In all patients In 
Group I! peak circumferentlal fiber shortening velocity at comparable 
forces was less than In patients In Group |. (See text.) 


for instantaneous force and circumferential fiber 
shortening velocity were plotted at 10 msec intervals 
during left ventricular ejection in each patient (Groups 
I and II). In all patients a counterclockwise loop was 
recorded. Figure 4 displays force-velocity loops obtained 
from two patients, one with normal left ventricular 
function (Case 1) and another with severely impaired 
function (Case 10). Distinct differences were apparent 
between loops. For example, in the patient with normal 
ventricular function, circumferential fiber shortening 
velocity increased sharply as ejection began and con- 
tinued to increase, even as total wall force decreased, 
until peak circumferential fiber shortening velocity was 
reached. Then both circumferential fiber shortening 
velocity and force decreased almost linearly until ejec- 
tion ended. Because circumferential fiber shortening 
velocity was sustained while force decreased, the 
force-velocity loop recorded was relatively broad. In 
contrast, in the patient with severely impaired function, 
circumferential fiber shortening velocity increased 
gradually reaching a much lower peak value at higher 
peak force before declining. Circumferential fiber 
shortening velocity did not continue to increase after 
peak force was reached, resulting in a narrow force- 
velocity loop. 

Also plotted in Figure 4 are values of wall force at 
which peak circumferential fiber shortening velocity 
occurred in each of the 10 patients. Peak circumferential 
fiber shortening velocity at comparable force values was 
always lower in patients with impaired ventricular 
function (regression line Y = 0.54 X +44.6 cm/sec) than 


758 November 1977 The American Journal of CARDIOLOGY Volume 40 ` 











MYOCARDIAL FORCE-VELOCITY-LENGTH RELATIONS IN MAN--NICHOLS ET AL. 


in those with normal function (regression line Y = 0.57 
X +60.2 cm/sec) (P <0.01). 

Relation between contractile element velocity 
and total wall force: The relation between instanta- 
neous force and contractile element velocity in all pa- 
tients was plotted throughout the entire period of ven- 
tricular systole. Figure 5 illustrates force-velocity 
relation examples from two patients, one with normal 


(Group I) and the other with impaired ventricular 


function (Group I). From maximal contractile element 
velocity until the beginning of ventricular ejection, in- 
stantaneous force and contractile element velocity de- 
scribe an inverse relation. Contractile element velocity 
decreased as force increased and reached a minimal 
value approximately at the beginning of ejection 
(arrow) and then increased. In the patient in Group I 
contractile element velocity continued to increase 
substantially as maximal force and velocity started to 
increase gradually after the beginning of ejection, 
reaching peak values almost simultaneously before 
decreasing. 


Discussion 


In this study we investigated the instantaneous 
relations throughout systole of force, velocity and length 
(circumference) of the left ventricle of patients with and 
without myocardial disease. Contractile element ve- 
locity was obtained by assuming a Hill-Type muscle 
model.!? Because of the complexity of determining this 
variable, other indexes of contractility that are most 
readily measured and that require no assumptions with 
regard to a muscle model were also determined. Mean 
and peak velocity of circumferential fiber shortening of 
the left ventricle are two such indexes. The calculation 
of these ejection indexes in the assessment of clinical 
cardiac performance has been simplified by the mea- 
surement of instantaneous ascending aortic blood flow 
velocity with a catheter-tip velocity transducer. 

Methodologic considerations: When obtaining 
volume of blood flow per unit time with a velocity 
catheter, as in this study, certain assumptions must be 
made. First, the aorta was considered to be a rigid tube; 
that is, its cross-sectional area was assumed to be con- 
stant throughout ventricular ejection. In previous 
studies, changes in ascending aortic diameter during 
ejection were estimated in 10 patients with an electrical 
strain-gauge caliper.!5 The maximal change in aortic 
cross-sectional area during ejection ranged from 5.4.to 
16.8 percent (mean 11 percent) of the diastolic value. 
This change in area of the ascending aorta during systole 
was greater than that of previously reported estimates 
using angiographic techniques.!® Measurements made 
in our laboratory of ascending aortic cross-sectional area 
from angiograms agree very closely with those estimates. 
In seven patients, we found an average change of 9.8 
percent in aortic cross-sectional area.!7 These differ- 
ences in aortic cross-sectional area measurements can 
probably be attributed to differences in the site of di- 
ameter estimations. We found, in our measurements, 
that the aortic diameter changed less inside than outside 
the pericardial sac. Therefore, the effect of cross-sec- 
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FIGURE 5. Total circumferential wall force and contractile element (CE) 
velocity relations throughout ventricular systole In a patlent with norma! 
ventricular function (solld line, Group |) and a patient with severely 
impaired function (broken line, Group ll). The beginning of ventricular 
ejection Is indicated by arrows. Peak isovolumic contractile element 
velocity Is reached early during the period of isovolumic contraction 
and is smaller in the patient In Group I than In the patient in Group |. Peak 
contractile element velocity during ejection Is also smaller in the patient 
In Group II; however, this value is reached at a much higher level of 
force. Also, peak contractile element velocity is greater during ejection 
than during lsovolumic contraction in the patient in Group |; the reverse 
Is true In the patient in Group Il. 


tional area change is minimal when the velocity is 
measured near the upper border of the sinuses of Val- 
salva. Although an error is introduced by extrapolating 
velocity to volume-flow rate, it is small and was not 
corrected for in this study. 

The second assumption made was that the velocity 
profile of blood flow in the ascending aorta is flat. Pre- 
vious measurements of blood flow velocity across the 
cross section of the ascending aorta of man show that 
the velocity profile is virtually flat.9 This is because the 
length of the inlet is short compared with the diameter 
of the vessel and the nonflat velocity profile has not yet 
developed. Third, motion artifacts present in earlier 
studies were minimized in this study by stabilizing the 
velocity sensor in the central aorta by placing a tail 
through the aortic valve into the ventricle.”8 Finally, 
circumferential fiber shortening velocity calculated 
using the velocity transducer is dependent upon the 
total stroke volume being sensed by the probe. There- 
fore, the method cannot be used in patients with mitral 
regurgitation, a ventricular septal defect or a dyskinetic 
aneurysm. 

Separation of patients with normal and impaired 
left ventricular function: The present studies indicate 
that in the intact human left ventricle an inverse rela- 
tion can be demonstrated between the calculated cir- 
cumferential wall force and fiber or contractile element 
velocity. Furthermore, patients with impaired left 
ventricular function as a result of coronary artery dis- 
ease can be separated from those with normal left ven- 
tricular function. Although all indexes studied (peak 
and mean circumferential fiber shortening velocity, 
circumferential fiber shortening velocity at peak force 
and peak isovolumic contractile element velocity) 
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served to separate the two groups of patients, there were 


cross-overs in peak circumferential fiber shortening . 
velocity and in mean circumferential fiber shortening . 


velocity (Table II). Circumferential fiber shortening 


velocity at peak force provided the best statistical sep-- 


aration between.the two groups of patients. The calcu- 
lated: velocities were normalized by dividing by the 
corresponding instantaneous circumference; thus, ve- 
locity was expressed per unit of circumferential length 
per second, a term analogous to muscle lengths per 
second in isolated muscle. These indexes, although 


` slightly different statistically from the unnormalized 


values, did not aid in the separation of the two patient 


groups as was the case in the study by Peterson-et al.8 
Contractile element velocity: A delay (approxi- __ 


mately 40 msec) in achieving maximal isovolumic con- 
. tractile element velocity was always evident in the plots 
of contractile element velocity versus time during single 


ventricular contractions (Fig. 2). In previous studies, the - 


onset of active state in both the intact canine heart and 
isolated cardiac muscle!® was found to be relatively slow. 


Peak isovolumic contractile element velocity in this - 
study was consistently reduced in patients with left — 


ventricular dysfunction. A secondary rise in the con- 
tractile element velocity time. plot at the onset of ven- 


` tricular ejection was observed in all patients studied 
(Fig. 2). The secondary maximum in contractile element > - 


velocity was greater than peak isovolumic. contractile 
element velocity in 7 of the 10 patients. Two of these 
subjects (Cases 9 and 10) had an abnormally low ejec- 
tion fraction. A secondary increase in contractile ele- 
ment velocity during muscle shortening was previously 
reported for both the intact dog heart® and isolated 
‘cardiac muscle.!9 The time course of contractile element 
velocity found by us in the human heart is similar to 


that found by Ross et al.® in the intact dog heart but 
~ differs in two respects from that reported by Levine and 


Britman.‘ First, we did not observe a delay in achieving 
maximal isovolumic contractile element velocity and 


second, they noted a decrease rather than an increase - 
in contractile element velocity during early ejection. The — 


reason for these differences is not apparent, but they 
may be due in part to the larger sampling interval in 
their study and the technique used to measure aortic 
root blood flow, respectively. 

- Circumferential fiber shortening wand In 


: piewiouls human studies instantaneous and, mean cir- 


cumferential fiber shortening velocity were obtained by 
frame by frame analysis of left ventricular cineangio- 
grams®0 and by blood flow velocity measurements with 
an electromagnetic catheter-tip transducer.§ Peterson 
et al.8 pointed out that although peak and mean values 
of circumferential fiber shortening velocity from the 


. angiographic studies appear useful in separating pa- 

. tients with normal left ventricular function from those 
with abnormal function, they may be erroneously low | 

- and therefore nonrepresentative of the whole left ven- 


tricle if taken in the area of a segmental wall motion 
abnormality. Their values for peak circumferential fiber 
shortening velocity in the normal ventricle were indeed 


’ higher than those reported by Gault et al. and Karliner 
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‘et-al. However, their values for mean circumferential 
. fiber shortening velocity and circumferential fiber 


shortening velocity at peak force were somewhat less. 

In our study, peak circumferential fiber shortening 
velocity values in our normal group of patients were less 
than those reported by Peterson et al.8 and somewhat 
greater than values reported from the angiographic 


_studies.®.29 Our normal values for mean circumferential ° 


fiber shortening velocity and circumferential fiber 


_ shortening velocity at peak force were less than those 


previously reported.®8:20 These observed differences in 


. circumferential fiber shortening velocity are probably 


due to the different models used to represent the left 
ventricle; a contributing factor may be the number of 


_ patients studied in each investigation. Even though the - 
` values reported in these studies differ to some degree, . 
_ the measurements effectively separated patients with 


normal left ventricular function from those with ab- 
normal function. 

Three of our patients with a low circumferential fiber 
shortening velocity at peak force and a low peak isovo- 
lumic contractile element velocity had a normal ejection 
fraction, suggesting that these measurements are more 
sensitive indicators of impaired myocardial contractility - 
than the ejection fraction. As pointed- out earlier, cir- 
cumferential fiber shortening velocity at peak force’ 
provided the best statistical separation between the two 
groups of patients, and there was no overlap in the data 


'- points (Fig. 3). Also, the three patients with normal 


hemodynamica had peak values of circumferential fiber 


' shortening velocity that were probably within the nor- 
mal range. However, these values occurred at a lower 


level of force than comparable values of circumferential 
fiber shortening velocity in the normal group of patients ’ 


_ (Fig. 4). Also, the maximal velocity estimated by re- 
_ gression line extrapolation of the force-velocity relation . 
_ to zero force was lower. In general, the area enclosed by 


the force-velocity loop (Fig. 4) was smaller in the pa- 


‘tients with myocardial disease than in those with a 


normal ventricle. 
“Normal” versus “impaired” function: Finally, the 


. issue of concluding statistically if certain patients have 


“normal” or “impaired” function should be addressed. 
Because the change between normal and impaired is 


. really a continuous spectrum, with patients having 
: various degrees of minimal, mild, moderate and severe 


impairment, it is probably not possible that two popu- 


- lations of patients with normal and impaired function ` 


can be absolutely separated. This can happen only if the 


latter group is selected to have reasonably severe im- 


pairment, as in Patients 9 and 10 in our study. It is ap- 
parent that to advance this concept of a separation of . 
left ventricular impairment, study of larger groups of 
patients will be required to define precisely the statis- . 
tical distribution of the variables used to evaluate 
myocardial function. Additionally, information such as 
the variability of the measurements from beat to beat 
and within longer time periods (which may not be ran- : 
dom) and the sensitivity of the measurements to detect 
subclinical function disturbances needs to be consid- 
ered. Our limited studies in a small group of patients 


November 1977. The American Journal of CARDIOLOGY Votume 40 











MYOCARDIAL FORCE-VELOCITY-LENGTH RELATIONS IN MAN--NICHOLS ET AL. 


should provide direction for future more extensive 
evaluation in larger patient groups and with omer 
myocardial disorders. - 

In conclusion, our results indicate that measurements 
of left ventricular instantaneous force, velocity and 
length can be used to separate patients with normal left 
ventricular function from those with impaired function 
due to ischemic heart disease. The primary advantages 


of using the catheter-tip velocity transducer to obtain 
these measurements are its ease of use, its avoidance of 
potential contrast agent-related influence on the 
function Variables and its applicability to patients with 
distorted ventricular geometry. Also, data collection and 
processing are simplified and many cardiac cycles can 
be analyzed. One limitation is that the total ejected 
stroke volume must be sensed by the transducer. 
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a Relation Between the e Hypotensive and Renin- -Suppressing. 
„Activities. of Alpha Methyidopa | in timene is Patients | 


" GASTONE LEONETT MD ` -` yg i In hyperterisive patients with hoal or low ‘aie levels the possibility. =e 


“LAURA TERZOLI, MD > 7 -= was explored that the hypotensive action of alpha methyldopa is depen-" 
` -ALBERTO MORGANTI, “MD | C “dent on the'renin-suppressing effect. All observations argued agalnst this sy 
‘MARCELLO MANFRIN, MD. 5 La t possibility: (1) Comparison In the same patlents of the effects.of pro- 
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> pranolol and alpha methyldopa showed that ‘alpha methyldopa caused 
_.. less effective reduction of renin although it was clearly more powerful than 
`. +" the béta adrenergic blocking agent in decreasing blood pressure. (2) No 
Milan, ttaly ooa a a T +". correlation was found between the hypotensive and the renin-suppressing .: 
-, f , ` @ffects of alpha methyldopa of between the hypotensive response and . 
“> _ plasma renin. activity before treatment. (3) When the effects of two dif- 
“ferent doses of alpha methyldopa were compared, the smaller dose (500 ’ 
mg/day) ' was found almost as active as the larger one (1,000 mg/day) ; 
vih suppressing renin although. the larger’ dose was twice as powerful as | 
- the smaller one in reducing blood pressure.:(4). Finally, no significant 
_ . difference was.observed in'the hypotensive response to alpha methyldopa 
" Between hypertensive patients’ with normal or low renin levels. 
' ktis concluded that patients with essential hypertension ‘and normal 
` or low renin levels are responsive to.the hypotensive action of alpha: 
methyldopa and that this hypotensive action Is not dependent on ‘the sl- 
ES multaneous 'gecreasa l in peo renin activity: 


ee 


ae py“ "Although alpha habia has ee known aie ‘ised as an: effective 
CORR . hypotensive drug since 1960, the mechanism of its clinical action has not: 
Mi `. been completely clarified.and the extent and predictability of its effec- 
` tiveness have not been fully investigated. Animal experiments support -` 
-the view that alpha methyldopa reduces sympathetic activity, acting as _ 
a false transmitter either at the periphery! or, more likely, in the central ` 
nervous system.2-5 However, a nonsympathetically mediated mechanism __ 
i <. `- + has also been. suggested.o$ Recently, interest, was renewed'in a possible . - 
a ie = ` ` role of the renin: angiotensin system i in essential hyperterision, and'at- © 
i i SMA Sad 2 tempts were, made to use.plasma renin activity as a guideline for selection 
‘of drugs in antihypertensive treatment.? The observation that’ alpha . 
acne e l methyldopa’ can decrease plasma renin activity both in animals!" and ' 
hk Da ae o -< in hypertensive patients!?-“4 led to the suggestion that renin suppression 
es oe x ye BG - may be an important mechanism of the hypotensive éffect of the . 
_+ drug.1013 In support of this view Weidmann et al.18 ‘reported that alpha 
_._ methyldopa could reduce blood pressure only in patients:with high renin, ~ 
eat hypertension: experiencing terminal renal failure and i in patients with -` 
normal renin hypertension of moderate to severe degree; no effect was ‘ 
pens coe Lee obéerved i in patients with low-renin hypertension. They concluded that’, ’ 
From the Istituto dl Ricerche Cardiovascolari and  - plasma renin. activity might be of value in selecting individual patients 
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HYPOTENSIVE AND RENIN-SUPPRESSING EFFECTS OF METHYLDOPA—LEONETTI ET AL. 


terial introduction of the drug in the dog greatly sup- 
presses renin release, renal denervation can abolish the 
renin-suppressive effect but does not prevent the hy- 
potensive action of alpha methyldopa. Finally, in a 
recent study!” we found that in patients with.essential 
hypertension small doses of the beta adrenergic block- 
ing agent propranolol can almost entirely suppress renin 
without significantly affecting blood pressure; signifi- 
cant hypotension is induced by larger doses of the drug, 
which cannot reduce plasma renin further. This ob- 
servation suggests that the hypotensive activity of alpha 
methyldopa, like that of propranolol, might be largely 
independent of its renin-suppressing activity. 

The present experiments were aimed at clarifying 
these controversial aspects of the therapeutic action of 
alpha methyldopa (1) by determining whether clinical 
doses of this hypotensive agent really reduce plasma 
renin; (2) by comparing the potency of the antihyper- 
tensive and renin-suppressing actions of alpha meth- 


yldopa to the potency of similar actions éxerted by the l 
beta blocking agent propranolol: (3) by assessing: 


whether dose-response curves for the renin-suppressing 
and hypotensive activities of alpha methyldopa are 
similar or dissimilar; and (4) by studying whether alpha 
methyldopa is equally or unequally powerful as an an- 
tihypertensive agent in patients with normal and low 
renin hypertension. - 


Materials and Methods 


Case material: Twenty-six hospitalized patients, 15 men 
and 11 women aged 18 to 59 years with uncomplicated es- 
sential hypertension of moderate severity, were selected for 
study. Informed consent was obtained from all patients. An- 
tihypertensive therapy had never been started or was dis- 
continued at least 2 weeks before the study. Control blood 
pressure ranged from 160 to 210 mm Hg systolic and 105 to 
140 mm Hg diastolic. All patients had a creatinine clearance 
level greater than 60 ml/min, no symptoms or signs of cardiac 
failure and funduscopic findings of grade II or less (Keith- 
Wagener-Barker classification). All necessdry diagnostic 
procedures were made to exclude secondary forms of hyper- 
tension. Throughout the control and experimental periods all 
patients consumed a standard hospital diet containing 100 to 
150 mEq of sodium. On the basis of our standards!” 12 pa- 
tients were classified in the low renin group because their 
control plasma renin activity, even when stimulated by 
standing, did not rise above 0.50 ng-ml~! hr7}; 14 patients were 
classified in the normal renin group, because their standing 
plasma renin activity was greater than 0.50 ng-ml~! hr-!. The 
highest plasma renin activity measured on standing was 2.50 
ng-ml~! hr™!, and therefore no patient was classified as having 
a high renin level. 

Experimental design: The patients were followed up for 
a control period of 7 to 10 days and their blood pressures were 
stable during the last 5 days of this period (control period). 
Then the patients received propranolol orally (40 mg every 
6 hours; 160 mg daily) for 5 days, a suitably long time for at- 
taining maximal plasma concentrations and biologic effects 
of propranolol according to our experience!”!8 (propranolol 
period). Then administration of propranolol was stopped, and 
the patients were followed up for 5 to 7 days during which they 
fully recovered from the effects of propranolol (washout pe- 
riod). Our previous studies!® show that propranolol entirely 
disappears from plasma within 48 hours. At the end of the 
washout period the patients began treatment with alpha 


methyldopa. (250 mg twice daily, 500 mg/day) orally for 1 
week; in 19 patients in whom this dose did not lower blood 
pressure below 150/100 mm Hg, the daily dose of alpha 
methyldopa was doubled for. a second week (500 mg twice 
daily; 1,000 mg/day); anid 9 of these patients also received a 
larger dose (500 mg twice daily, 1,500 mg/day) for a third week 
(methyldopa periods). 

Systolic and diastolic blood pressures and heart vate were 
measured three times a day (at 9 and 11 AM and 4 PM) in 
both the supine and the upright positions. Blood samples for 
plasma renin activity measurements were drawn on the last 
day of each period (control, propranolol, washout, methyldopa 
at each dose level) at 9 AM after the subject had been supine’ 
overnight (“supine” values) and again at 11 AM after the 
patient had stood for 2 hours (“standing upright” values). 

Methods: Blood pressure measurements were obtained 
with standard pressure cuff and sphygmomanometer. Dia- 
stolic blood pressure was taken as the value at the disap- 
pearance of the Korotkoff sounds. Each value was the mean 
of three conseuctive readings. Mean blood pressure was cal- 
culated as the diastolic pressure plus one third of pulse pres- 
sure. 

Plasma renin activity was measured by radioimmunoassay 
of angiotensin I on plasma samples from a forearm vein and 
calculated as the difference between the immunoreactive 
angiotension I formėd during a 3 hour plasma incubation 
period at 37° C and that present in ah unincubated plasma 
sample at 4° C; it was expressed as nanograins of angiotension 
I formed per milliliter.of plasma per hour. The method was 
similar to that described by Haber et al.,!® with the personal 
modifications described in previous publications. 17,20 Sensi- 
tivity of the method was 0.05 ng/ml. Reproducibility was ex- 
cellent: Each sample was regularly analyzed in triplicate with 
very close results, and the range of repeated measurements 
of the sampled plasma stocked for periods of 4 to 18 days was 
never above 0.4 ng/ml. 

Statistical assessment of the data was performed by 


` analysis of variance with two-way classification and by ċor- 


relation analysis according to Snedecor and Cochran.?! For 
statistical analysis regarding blood pressure and heart rate the 
mean of the six values measured during the last 2 days of each 
period was entered into the statistics.as representative of that 
period. 


Results 


Effects of alpha methyldopa administration: The 
effects of the largest dose of alpha methyldopa used in 
each patient are summarized in Table I. There was a 


TABLE | 


Effects of Alpha Methyldopa Administration In 26 Patients 
With Essential Hypertension (mean + standard error of the 
mean) 


Supine Values Upright Values 
Methyl- Mėthyl- 


Varlable Control — dopa Control dopa 
Blood pressure (mm 
Systolic 17924 152 +3* 17444 13143* 
Diastolic 11342 100+ 2* 118+2 93 + 3* 
Mean 1385 +2 11842* 13742 106+3°* 
Heart rate (beats/ 77+2 79+2 88 + 2 97+3° 
min : 
Plasma_renin 0.36 + 0.16 + 0.75 + 0.54 + 
activ 0.08 0.02° 0.11 0.09 


(ogee) i“ 


* Significant decrease (P <0.01). 
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marked decrease in systolic, diastolic and mean blood 
pressures in both the supine and the upright positions, 
the effect on standing being definitely more conspicu- 
ous. All reductions in blood pressure were statistically 
significant at the P <0.01 level. Also the decreases in 
blood pressure observed in the upright posture wete 
‘significantly (P <0.01) greater than those in the supine 
position. The response to alpha methyldopa differed 
widely in individual patients. Blood pressure values 
lower than 150 systolic and 100 diastolic were attained 
with the lowest dose of 500 mg/day in 9 patients, with 
the dose of 1,000 mg/day in 10 patients and with the 
dose of 1,500 mg/day in 3 patients; in 4 patients blood 
pressure could not be reduced below 150/100 mm Hg 
even with the largest dose of 1,500 mg/day. 

During treatment with alpha methyldopa, there was 
no change in supine heart rate, but the heart rate on 
upright standing was moderately but significantly (P 
<0.01) higher with methyldopa. Lower values for plas- 
ma renin activity were measured during alpha methyl- 
dopa administration in both the supine and the upright 
positions, but only the decrease in supine values at- 

‘tained statistical significance (P <0.01). The rise in 
plasma renin on standing (difference between upright 
and supine values). was unaffected by alpha methyldopa 
(0.39 + 0.07 ng: ml~!-hr~! before, and 0.38 + 0.05 after 
methyldopa). 
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FIGURE 1. Means and standard errors of values measured In 26 hy- 
pertenstve patients at the end of the control period (C), propranolol .(160 
mg/day) administration period (P), washout period (WO) and maximal 
dose of methyldopa perlod (MD). b = beats; BP = systolic (S) and dla- 
stolic (D) blood pressure; HR = heart rate; MAP = mean arterial pres- 
sure, PRA = plasma renin activity. Filled circles and continuous lines 
= supine vaiues; hollow circles and Ioterruptog lines = upright 
values. 
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Comparison of the effects of alpha methyldopa 
and propranolol (Fig. 1 and Table IT): The responses 
of blood pressure and plasma renin activity to both 
drugs were in the same direction, but, at the doses used, 
the decreases in plasma renin activity were significantly 
greater with propranolol, whereas the. reductions in 
blood pressure, especially on standing, were much more 
marked with alpha methyldopa. Opposite changes were 
induced in heart rate: There was a definite bradycardia 
with propranolol and a mild tachycardia, especially on 
standing, with alpha methyldopa. ` 

Relation between effects of alpha methyldopa on 
blood pressure and on plasma renin activity (Table 
III): There was no statistically significant correlation 
between the changes in mean blood pressure and the 
changes in plasma renin activity produced by alpha 
methyldopa, either when values in the supine and in the 
upright positions were plotted or when responses to the 
smallest dose of the drug (500 mg/day in all patients) 
and to the largest dose were considered (Fig. 2). 

Dissociation of the hypotensive and reniin-suppressive 
activities of alpha methyldopa was also found when the 
responses to two different doses were compared in 19 
patients who subsequently received the 500 and 1,000 
mg daily dose (each dose for at least 5 days) (Fig. 3). The 
smallest dose was already effective in decreasing both 
plasma renin activity and mean arterial pressure. 
However, the renin-depressive effect was apparently tlie 


TABLE Il 
Comparison of the Effects of Alpha Memyideps and 
Propranolol in 26 Patients” 


Supine Changes Upright Changes 


Methyl- Methyl- 
Variable Propranolol dopa > Propranolol dopa 
Blood pressure 
(mm Hg) i 
Systolic —14+3 2743! -164+3 -—4343+ 
Diastolic —8 +2 —13+2 -1242 ~—25+-2ł_ 
Mean —1042 —1742% -1442 —31+42t 
Heart rate (beats/ —15 +2 +242% —20+2 +9 + 3t 
min 
Plasma renin 7027+ -0.20+ —0.57+ ~—0.214 . 
activity 0.07 0.06t 0.11 0.11t 
(ngmi—thr™ 1) i 





. * Values are expressed as mean + standard error of the mean of 
differences between values In the control perlod and the propranolol 
period, and between values In the washout perlod and the perlod with 
the largest dose of methyldopa. 

Significant differences between the effects of the two grups are in- 
dicated by a dagger (t) (P <0.05) or double dagger (+) (P <0.01). 


TABLE Ill 


Correlation Coefficients (r) of Changes In Mean Blood 
Pressure and In Plasma Renin Activity Produced by Alpha 

















Methyldopa 
(600 at) (1,500 mg/day) 
r i r P 
Supine values 0.058 >0.05 10.046 | >0.05 
Upright values 0.112 >0.05 0.138 >0.05 
P = probability. 
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CHANGE IN PLASMA: RENIN ACTIVITY (ng-ml-1-hr-1) 


FIGURE 2. Correlation of changes in mean blood 
pressure (MBP) and plasma renin activity (upright 
values) In 26 patients with essential hypertension, 
under maximal dose of methyldopa (left, filled 
circles) and under 500 mg/day (right, hollow cir- 
cles). 


greatest obtainable with alpha methyldopa because no 
further renin depression was measured when the dose 
of the drug was doubled. On the other hand, the hypo- 
tensive effect was almost doubled when the daily dose 
of alpha methyldopa was increased from 500 to 1,000 
mg. 

Furthermore, there was no correlation between the 
reduction in mean supine and upright blood pressures 
induced by alpha methyldopa, both at the small daily 
dose of 500 mg and at the largest dose administered, and 
the pretreatment supine and standing plasma renin 
activity (Fig. 4). 

Effects of alpha methyldopa in norma! and low 
renin hypertensive groups: The effects of alpha 
methyldopa were compared in the 14 patients in the 
normal renin group and in the 12 in the low renin group 
(Table IV). Control values for blood pressure were 
closely similar in the two groups during both lying and 
standing as-were control values for heart rate; plasma 
renin activity values were obviously significantly dif- 
ferent. Alpha methyldopa caused significant (P <0.01) 

- reductions in supine and upright blood pressure in both 
groups; the values attained were very slightly, but not 
significantly, higher in the low renin group. The drug 
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FIGURE 3. Changes In mean blood pressure - 40 


(MAP) (left) and In plasma renin activity (PRA) 
(right) In 19 hypertensive patients treated with 
methyldopa at two different dosages (500 mg/day, 
empty columns; and 1,000 mg/day, shaded col- 
umns). The two asterisks Indicate a statistically 
significant difference (P <0.01). 
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increased standing tachycardia in both groups, and the 
increase was slightly greater in the low renin group. 


Alpha methyldopa caused a decrease in mean plasma 


renin activity in both groups, but the reduction was 
statistically significant (P <0.05) only in patients with 
a normal renin level. Plasma renin activity was still 
significantly lower in patients in the low renin group 
taking alpha methyldopa. 


Discussion 
Mechanism of renin-suppressing action of alpha 


. methyldopa: Our experiments were successful in clar- 


ifying some of the controversial aspects of the clinical 
actions of alpha methyldopa. First, they confirmed that 
the drug can decrease plasma renin activity in hyper- 
tensive patients, as others 12-14 have already shown. 
However, the renin-suppressing action of alpha meth- 
yldopa is not particularly powerful, which may be why 
it has been overlooked by some investigators.1!8 In- 
deed, we found the suppressive action to be propor- 
tionally greater on supine values for renin than on renin 
stimulated by the upright posture, and the increment 
in plasma renin activity caused by standing was un- 
modified by alpha methyldopa in our patients. These 
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<x À . pressure (MAP) caused by alpha methyldopa at 
5 -60 , : -60 maximal dose (left) and at 500 mg/day (right), with 
pretreatment plasma renin activity (PRA) values 
in 26 patients with essential hypertension. Values 
are those with the subjects upright. 


effects of alpha methyldopa clearly contrast with those 
produced by propranolol in the same patients: The beta 
adrenergic blocking agent, as expected,!”?? not only 
reduced plasma fenin activity to lower levels but 
_ Strongly affected upright values and almost entirely 
abolished the increment caused by standing. These 
observations are in accord with the current interpre- 
tation that propranolol interferes with sympathetic 
stimulation of juxtaglomerular cells during stand- 
ing.?2-24 Our data do not provide any direct explanation 
of the mechanism of the renin-suppressing action of 
alpha methyldopa. However, lack of effect on the 


renin-stimulating action of standing does not favor a ` 


sympathetically mediated phenomenon. Hither the 


. TABLE IV 


. Effects of Alpha Methyldopa In Patients With a Normal or 
Low Renin Level (mean + standard error of the mean) 





Methyldopa 


Control (largest dose) 


Normal, Low Normal Low 
Renin Renin Renin Renin 








Methyldopa maximum dose — 2 — Methyldopa 500 mg/day 


(no. = (no.= (no.= (no. = 
14) 12) 14) 12) 
Blood pressure (mm Hg) 
Systolic J 
Supine 177+5 18245 14945 15744 
. Upright 17045 178+5 12944 13445 
Dlastolic 
_ Supine 11843 11344 9843 10344 
Upright 11843 118+4 924+3 9544 
Mean (mm Hg) 
Supine 13443 13644 11544 12243 
Upright 18543 138+4 10443 10844 
Heart rate (beats/min) . N 
Supine 7742 7743 76+2 8144 
Upright 90+2 8644 9443 10144 
Plasma renin activity 
(ngem!~ thra t) 
Supine o + 018+ O214 0.094 
. 0.10 0.02t 0.03 0.02t 
Upright 1.13 p 031+ 084+ 0.20+ 
0.1 0.04t 0.13 0.03T 





Significant differences between values in normal and low renin pa- 
tlents In the control period and under methyldopa are Indicated by as- 
terisk (P <0.05) or dagger (P <0.01). 
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renin-stimulating effect of hypotension induced by 
alpha methyldopa, particularly evident on standing, can 
balance a reduction in the sympathetic drive of the 
juxtaglomerular cells, or a peripheral site of action on 
juxtaglomerular alpha receptors with renin-suppressing 
properties can be postulated for alpha methyldopa, as 
has recently been done for clonidine.?5-26 
Correlation of hypotensive and renin-suppress- 
ing effects of alpha methyldopa: The other important 
aspect to be clarified was whether the hypotensive ac- 


- tion of alpha methyldopa was in any way dependent on 


the renin-suppressing effect. All our data argue defi- 
nitely against this possibility. Not only did we find: no 
correlation between the hypotensive and the renin- 
suppressing effects of the drug or between the hypo- 
tensive response and the pretreatment plasma renin 
activity, but also we could dissociate quantitatively the 
two effects of the drug. When comparing, in the same 
patients, the responses to alpha methyldopa and pro- 
pranolol, we found propranolol (160 mg/day) much 
more powerful in suppressing renin, especially in the 
upright posture, and alpha methyldopa (1,000 to 1,500 
mg/day) much more powerful in reducing blood pres- 
sure, especially on standing. Furthermore, when com- 
paring the effects of two different doses of alpha 
methyldopa we found the smaller dose (500 mg/day) 
almost as active as the larger one (1,000 mg/day) in 
suppressing renin, and the larger dose twice as powerful 
as the smaller one in reducing blood pressure. It appears 
therefore that, as with propranolol,!” the dose-response 
curve of the renin-suppressive effect of alpha methyl- 
dopa is shifted to the left of the dose-response curve of 
the hypotensive effect; that is, the maximal renin sup- 
pression is already achieved at small doses of the drug, 
whereas the hypotensive response continues to increase 
greatly by further increasing the dose of alpha methyl- 
dopa. Finally, we did not observe any significant dif- 
ference in the hypotensive response to alpha methyl- 
dopa between hypertensive patients with normal or low 
renin levels, and undoubtedly our low renin group had 
a significant reduction in arterial pressure during ad- 
ministration of alpha methyldopa. 

Our conclusions that the hypotensive action of this 


Volume 40 





a - : HYPOTENSIVE AND RENIN-SUPPRESSING EFFECTS OF METHYLDOPA—LEONETTI ET AL. 


drug is unrelated to the renin-suppressing effect cer- 
tainly contrast with the conclusions reached by Weid- 
mann et al.!® However, careful examination of their data 
suggests that the discrepancy may be in interpretation 
rather than in facts. Our patients had blood pressure 
values and clinical characteristics very similar to those 
of the group defined by Weidmann et al.}3 as having 
moderate to severe hypertension. In their subgroup of 
patients with normal renin, they reported a decrease in 
mean blood pressure from 138 to 116 (supine) and from 
140 to 114 mm Hg (upright), values that compare very 
well with the decreases from 134 to 115 (supine) and 
from 135 to 104 mm Hg (upright) in our patients with 
normal renin. Among hypertensive patients with low 
renin, we certainly observed a more marked reduction 
(from 138 to 108 mm Hg, upright) than did Weidmann 
et al.13 (from 133 to 121 mm Hg, upright), but even this 
latter reduction was highly significant (P <0.01) sta- 
tistically. Furthermore, comparison of their Figure 3 
and their Table I reveals that increasing the dose of 
alpha methyldopa in their patients did not further in- 
crease renin suppression but augmented the hypoten- 
sive response. However, in their data the dissociation 


of the two dose-response curves could not be as clear as _ 


in our observations, probably because they compared 


two rather large doses (1 and 2 g/day) whereas we used 
a smaller dose of 500 mg. 

Implications: Patients with moderate essential hy- 
pertension and a normal or low renin level are respon- 
sive to the hypotensive action of alpha methyldopa, and 
this hypotensive action is not dependent on the simul- 
taneous decrease in plasma renin activity. Our data 
cannot disprove that patients with very high renin level 
may be more sensitive to alpha methyldopa, or that in 
these patients the hypotensive action of the drug may 
importantly depend on renin suppression. Weber et al.?7 
recently suggested that such a peculiar action in pa- 
tients with a high renin level may indeed exist for clo- 
nidine, and thus it is likely that this action may also 
exist for alpha methyldopa. Furthermore, we cannot 
rule out that even in our normal renin patients a com- 
ponent of the hypotensive response may be related to 
the renin-suppressing action, but this component, if it 
exists, must be a minor one and is completely obscured 
by an overwhelming renin-independent mechanism. As 
we have similarly shown for the beta adrenergic blocking 
drugs,?.28 there is little ground for using plasma renin 
activity as a pathophysiologic tool for selecting patients 
responsive to the hypotensive action of alpha methyl- 
dopa. 
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of Nuclear 


' Because considerable controversy attends the interpretation of the diffuse 


uptake pattern of technetium-99m pyrophosphate scintigraphy, a practical’ 


- > computerized method for selective subtraction of the cardiac blood pool 


from these equivocal, technetium- 99m pyrophosphate scintlgrams is 
described. The technique employs Injection of a readily available radio- 
pharmaceutical (technetium-99m pertechnetate) and standard computer 
software. The subtraction process allows subclassification of the equivocal 


, $Cintigrams Into two groups: one with definite myocardial localization of 


radioactivity, and the other without evidence of myocardial labeling. The. 
clinical utility of this selective subtraction technique was assessed In 35 


``. patients with equivocal pyrophosphate scintigrams and In an additional 


13 patients with probably abnormal scintlgrams by comparing the results 


, Of the subtraction scintigraphy with the final clinical diagnosis based on 


history, ‘serial electrocardiograms and serial cardiospecific serum enzyme 
determinations. The results demonstrated that the subclassification based 
on computerized selective blood pool subtraction Is clinically useful: If 


_ definite myocardial localization Is demonstrated after subtraction, acute 


infarction Is likely, whereas, if no myocardial localization Is evident after - 


‘subtraction, acute Infarction Is highly unlikely. Therefore, the addition of 


this simple selective blood pool subtraction technique to standard-pyro- - 
phosphate Imaging has been found to Improve the overall effectiveness 
of pyrophosphate scintigraphy in the detection of acute myocardial In- | 


‘farction. 


Although technetium-99m pyrophosphate scintigraphy is a valuable 


, clinical tool for detecting acute myocardial infarction,! considerable 


difficulty has been encountered in interpreting the borderline scintigram 
in which moderate diffuse pyrophosphate activity is observed throughout 


- - the region of the heart.3" With conventional scintigraphic instrumen- 
. tation, it is difficult to determine from inspection alone whether this — 
diffuse radioactivity is localized within the myocardium or whether it 


represents activity within the cardiac blood ‘pool. We have recently’ 
demonstrated? that the clinical efficacy of pyrophosphate scintigraphy 
is improved by creating an equivocal category for studies with this diffuse 


. pyrophosphate uptake pattern. A blood pool subtraction technique using 


a computer has been described in order to ascertain the location of 
technetium-99m pyrophosphate in calcified cardiac valves.5 The present 
study, was undertaken to assess whether a modification of this practical - 


. computerized method for selectively subtracting the cardiac blood pool 


can be utilized (1) to classify further this equivocal group into patients 
with definite myocardial localization of the radiophatmaceutical versus’ 


„patients with blood pool labeling alone, and (2) to assess whether such 


a subclassification provides improved diagnostic information with re- 
spect.to the presence of infarction. To assess these questions, the com- 
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puterized subtraction technique described herein was 


performed in a group of patients with equivocal pyro- 
phosphate scintigrams. The results of the subtraction 
scintigraphy were compared with the final diagnosis 
based on the patient’s history, serial electrocardiograms 
and serial cardiospecific serum enzyme determina- 
tions. 


Materials and Methods 


Patients: Radionuclide imaging that included both 
standard pyrophosphate scintigraphy and the computerized 
subtraction technique was performed in 48 patients admitted 
to the coronary Care unit of the Sacramento Medical Center 
with acute chest paih suspected to be due to acute myocardial 
infarction. Thirty-five of these patients were selected because 
they had equivocal pyrophosphate scintigrams in which 2+ 
diffuse activity (on a scale of 0 to 4+) was noted throughout 
the region of the myocardium.? In the r remaining 13 patients, 
the standard pyrophosphate scintigrdms were judgéd to be 
probably abnormal; in these patients the computerized se- 
lective blood pool subtraction was performed to strengthen 
observer certainty with respect to the presence of infarction. 
The scintigraphic procedures were performed between 1 and 
5 days (mean 52 hours) after the onset of symptoms. The pa- 
tient population consisted of 24 men and 11 women (age 66 
+ 15 years [mean + standard error of the miean]) with equiv- 
ocal scintigrams and 8 men and 5 women (mean age 60 + 12 
years) with probably abnormal scintigrams... 

. Technetium-99m pyrophosphate scintigraphy: For the 
standard scintigrams, 15 mCi of technetium-99m pyrophos- 
phate (Mallinckrodt Chemical Works or Squibb and Sons) 
containing 5 mg of stannous pyrophosphate was injected in- 
travenously into each of the study patients in the coronary 
care unit. To minimize blood background radioactivity, 
imaging was performed 2 hours after injection. Imaging was 
`- performed with a Pho-Gamma IV scintillation camera (Searle 
Radiographics, Inc.) equipped with a 16 ,000 hole high reso- 
lution collimator. Images containing 500,000 counts were 
obtained in the anterior, 45° left anterior oblique, left lateral 
and 30° right anterior oblique positions using both Polaroid? 
and microdot film. The scintigraphic data were also collected 
and stored oñ computer disc (Medical Data Systems). . 

Scintigraphic classification: The technetium-99m py- 
rophosphate scintigrams were assessed by employing the 
scintigrdphic classification: system we have recently de- 
scribed.3 The degree of radionuclidic uptake in the region of 
the heart was assessed as follows: 4+ indicated activity greater 
than that of hone, 3+ activity equal to that of bone, 2+ less 
than that of bone but moderate, 1+ slight activity and 0 no 
detectable activity. In addition, the uptake pattern was judged 
to be focal or diffuse. The scintigraphic study was considered 
negative if there was 0 to 1+ myocardial activity. A positive 
study was one in which there was 3+ or 4+ myocardial activity 
in either focal or diffuse patterns, or 2+ focal activity. When 
2+ diffuse activity was present throughout the region of the 
heart, the scintigrams were interpreted:as equivocal.3 

-Computerized selective blood pool subtraction: Data 
acquisition: Following the standard technetium-99m pyro- 
phosphate scintigraphy, the imaging view that was judged to 
be most positive was repeated and récorded on a computer 
disc. Then without moving the patient, a bolus injection-of 10 
mCi of technetium-98m pertechnetate was made, usually 
through an indwelling intravenous catheter in order to mini- 
mize the chance of patient motion. The scintigraphic data 
from the first passage of the bolus dose of radioactivity 
through the heart was recorded on computer disc in byte mode 
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FIGURE 1. Schematic representation of the computerized selective 
blood pool subtraction technique. For further explanation see text. 
88MT¢-pyp = technetlum-99m pyrophosphate. 


at 2 frames/sec. The entire data collection procedure added 
only 5 minutes to standard infarct scintigraphy. 
Computerized selective blood pool subtraction: Data 
analysis: The subtraction process is diagrammatically de- 
picted in Figure, 1. The procedure was performed using the 
Medical Data Systems Computer with standard computer 
software. From the first pass scintigraphic data; separate 
images of the right and left sides of the heart were formed by 


. adding the frames in which the bolus dose of radioactivity was 


localized in the left and right heart chambers, respectively. 
The right and left heart images were normalized to make the 
total counts in the right heart image equal to one half of the 
total counts in the left heart image. This 2:1 ratio between left 
and right heart counts was empirically chosen after analysis 
of the ratio of counts‘in these portions of the heart on standard 
cardiac blood pool scintigrams performed with technetium- 
99m human serum albumin: The normalized images were then 
added to form a composite cardiac blood pool image. This 
image was then inspected to verify that it was a reasonable 
representation of the patient’s cardiac blood pool. 

The blood pool image and. the pyrophosphate image were 
normalized for subtraction employing a cardiac blood pool 
region of interest. This region of interest was chosen carefully 
from the pyrophosphate image with a light pen so that it 
represented a region of the cardiac blood pool that was free 
from overlying ribs or sternum. The number of counts in the 
region of interest in the blood pool and pyrophosphate images 
was determined. The blood pool image was multiplied by a 
constant so that the blood pool region of interest counts were 
equal to one third of the pyrophosphate counts. The nor- 
malized blood pool image was then multiplied by 2 and by 3. 


‘Three images were formed by subtracting the three levels of 


the cardiac'blood-pool from the pyrophosphate image. 

The resultant images were then displayed on the computer 
oscilloscope and photographed using Polaroid film. In inter- 
pretation, the subtraction images were interpreted as negative 
if the diffuse activity was entirely eliminated by the blood pool 
subtraction. However, if a rim of cardiac activity remained 


. after subtraction, the study was interpreted as positive. 


Clinical and laboratory diagnosis: Each patient was 
evaluated with a history and physical examination, serial 
electrocardiograms and serial enzyme determinations con- 
sisting of serum creatine kinase (CK), glutamic oxaloacetic 
transaminase (SGOT) and lactic dehydrogenase (LDH). In 
addition CK isoerizymes measured with column chromatog- 
raphy® and LDH isoenzyme determinations were performed. 
All electrocardiographic and myocardial enzyme data were: 
obtained daily for at least three consecutive days after ad- 
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TABLE | 


Results of Blood Pool Subiractton In Equivocal Technetium- 
. 89m Pyrophosphate Scintigraphy 


no. of Subtraction Images 
‘patients - AA 


Clinical Diagnosis 











Acute transmural Infarction j 6° 4 1 1 
Acute .nontransmural Infarction 11 “10 0 1 
No acute Infarction ; 18 3 0 15 
Total 2 ou o 35, -17 1 17 
Clinical diagnosis = clinical, EA and enzymatic 
. data; + = positive, + = equivocal, — = 7 eee subtraction sclinti- . 
` grams. š 


mission. The development of new pathologic Q-waves with a 


duration of 0.04 second or more with typical ST-T wave , 


changes and characteristic clinical and enzyme abnormalities 

` were required for the diagnosis of acute transmural infarction. 
Typical evolutionary. ST-T wave changes without new 
pathologic Q waves, when accompanied by the characteristic 
clinical and enzymatic changes of acute infarction, were 
considered diagnostic of nontransmural myocardial infarc- 
tion. 


‘Results 


Computerized selective blood pool subtraction ` 


(Table 1): Of the 35 patients with equivocal scintigrams, 
6 had acute transmural myocardial infarction, 11 acute 
nontransmural infarction and 18 had no evidence of 


acute infarction by enzymatic and electrocardiographic ` 
criteria. Of the six patients with acute transmural in- 


farction, four had a positive subtraction scintigram, one 
had an equivocal subtraction image due to marked 
costochondral calcification and one had a falsely nega- 
tive subtraction image. In this one patient with a falsely 
negative subtraction study; subsequent electrocardio- 
‘graphic localization of the acute infarction demon- 
strated that subtraction had been performed in the in- 
appropriate view. Of the 11 patients with acute non- 
transmural infarction, 10 had a positive scintigram after 
subtraction, and in one the subtraction scintigram was 
negative. Of the 18 patients without acute infarction, 
15 demonstrated no evidence of myocardial localization 
` i radioactivity after computerized selective blood pool 








FIGURE 2. Representative example of the computer Images in a patient 


(EE) with equivocal pyrophosphate (PYP) scintigraphy but without acute 


infarction, The top left image Is the anterior scintigram demonstrating - 
2+ diffuse activity throughout the region of the heart. The top right 

image is the composite blood poo! Image ‘obtained after pertechnetate ` 
(TCO4) Injection. The lower left image is the Image following subtraction 


- of one third of the blood pool. The lower right image is the pyrophos- 


phate scintigram following subtraction of two thirds of the blood pool. 


_ The bottom two images indicate the absence of myocardial localization 


of radioactivity. 1310-1313 represent the location of the i images on the 
computer disc. 


subtraction. In thé remaining 3 of these 18, definite 
myocardial localization of radioactivity was documented 
with the selective blood pool subtraction process. All 
three of these patients had severe three vessel coronary 
artery disease on selective coronary angiography, areas 
of ventricular dyssynergy on radiopaque left ventricular 
cineangiography and Clinical unstable angina pecto- 
ris. 

With respect to the 13 patients with probably ab- 


` : normal scintigrams, the computerized selectivé blood 


pool subtraction definitively documented the presence 
of abnormal myocardial localization of radioactivity. 


‘ FIGURE 3. Representative example of the 
equivocal pyrophosphate pattern in a pa- 
tient (JF) with acute subendocardlal myo- 
cardial infarction. 2+ diffuse activity Is 
noted throughout the region of the heart. 
ANT = anterior; LAO = left anterior 
oblique; L.LAT = left lateral. 
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Clinical Illustrations 


Acute chest pain without infarction: Figure 2 demon- © 


strates an example of the subtraction process in a patient with 
acute chest pain but without infarction who had an equivocal 
technetium-99m pyrophosphate scintigram. In the top left 
is the repeat anterior pyrophosphate image demonstrating 2+ 
diffuse activity throughout the region of the heart. In the top 
right, is the normalized pertechnetate blood pool image to be 
subtracted from the pyrophosphate scintigram. In the lower 
panel, two of the resultant subtraction images are seen. After 
subtraction there is no evidence of residual activity in the 
region of the myocardium. Thus the subtraction technique 
demonstrated that the equivocal pyrophosphate scintigram 
in this patient without infarction was probably secondary to 
blood pool radioactivity. : l 
Subendocardial infarction: The patient whose data are 
shown in Figures 3, 4 and 5 also presented with acute chest 
pain. However, unlike the previous patient, this patient had 
electrocardiographic and enzymatic documentation of an 
acute nontransmural myocardial infarction. The standard 
pyrophosphate scintigrams (Fig. 3) are very similar to those 
of the previous patient without infarction: 2+ diffuse activity 
is seen throughout the region of the myocardium. By our cri- 
teria this pattern is interpreted as equivocal.? However, after 
subtraction (Fig. 4), the pattern differs greatly from that of 
the previous patient without infarction. In this patient with 
nontransmural myocardial infarction, a rim of activity persists 
after blood pool subtraction and is seen most prominently in 
the lower right image. Thus the subtraction process demon- 
strated that the equivocal pyrophosphate scintigram was as- 
sociated with definite myocardial uptake of radioactivity. This 
patient died during hospitalization. Figure 5 shows a cross 
section of the heart at the time of.postmortem examination. 
The subendocardial portion of the myocardium surrounding 


the ventricular chamber was diffusely pale. Microscopic ex- ` 


amination of the subdendocardial region revealed evidence 
of a concentric subendocardial myocardial infarction. This 
type of concentric subdendocardial involvement is relatively 
common in subdendocardial infarction® and may well explain 
why pyrophosphate scintigraphy in subendocardial infarction 
often reveals a diffuse pattern that mimics blood pool radio- 
, activity.3-10 


FIGURE 5. Same patient. Cross-section of the heart at 
the time of postmortem examination. Diffuse pallor Is 
noted concentrically throughout the subendocardlal 
portion of the myocardium, Indicating the presence of 
concentric subendocardial myocardial infarction. 


Le 
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Probably abnormal scintigram: An example of the utility 
of the computerized selective blood pool subtraction in 
strengthening observer certainty in patients with probably 
abnormal pyrophosphate scintigrams is depicted in Figures 
6 and 7. This patient had pyrophosphate scintigrams dem- 
onstrating 3+ diffuse activity throughout the heart, with a 





FIGURE 4. Same patient. The top left image Is the anterior pyrophos- 
phate (PYP) scintigram demonstrating 2+ diffuse actlvity throughout 
the region of the heart. The top right image is the composite blood pool 
Image obtalned after pertechnetate (TC04) injection. The lower lett 
Image is the pyrophosphate Image after subtraction of one third of the 


-blood pool. The lower right image is the pyrophosphate image after 


subtraction of two thirds of the blood pool. The bottom two Images 
demonstrate a rim of increased radioactivity remaining In the region 
of the myocardium after subtraction, thereby documenting definite 
myocardial localization of radioactivity. 1310 to 1313 represent the 
locations of the Images on the computer disc. X2.5 and X5 were 
multiplication factors utilized to obtain the one third and two third nor- 
mallzation of the blood pool image. 
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FIGURE 6. Representative example of the probably abnormal pyro- 
phosphate pattern in a patient (EA) with acute inferlor myocardial in- 
farctlon. 3+ diffuse activity is noted throughout the region of the heart, 
with slightly more focal accumulation in the region of the Inferior wall. 
ANT = anterlor; LAO = left anterior oblique; L.LAT = left lateral; RAO 
= right anterlor oblique. d : 


suggestion of more focal accumulation along the inferior wall 
of the left ventricle (Fig. 6). This study is probably abnormal 
but is not.as positive for infarction as pyrophosphate scinti- 
grams frequently are. The subtraction images of this patient 


(Fig. 7) provide additional evidence by demonstrating un-- 


equivocal intense localization of radioactivity within the 
myocardium. This patient had enzymatic and electrocardio- 
graphic documentation of an acute inferior myocardmki in- 
farction. 


Discussion 


The technetium-99m pyrophosphate scintigram has 
become a highly useful diagnostic technique in evalu- 


ating acute myocardial infarction. However, much - 


discussion has arisen*~’11 with respect to the specificity 
of the positive pyrophosphate scintigram for acute 
myocardial infarction. Most of the controversy has 
-centered around the interpretation of images in which 
2+ diffuse uptake was noted in the region of the myo- 
cardium. We3 have previously demonstrated that by 
classifying this 2+ diffuse pattern as equivocal, the di- 
agnostic accuracy of the examination is improved. When 
this modified classification was used, a definitely neg- 
ative technetium-99m pyrophosphate scintigram was 


strong evidence against the presence of acute myocar- . 
dial infarction, transmural or nontransmural, and with — 


` a definitely positive study acute infarction was highly 
likely. 


accuracy of the definitely positive and definitely nega- 
tive categories, it did result in classification of ap- 
proximately one fifth of the scintigrams as equivocal. 
- Therefore, the present study was undertaken to deter- 
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FIGURE 7. Same patient. Computer Images. The top left Irriage Is the 
anterior pyrophosphate (PYP) image demonstrating 3+ diffuse.activity 
throughout the region of the heart. the top right image Is the composite - 
blood image abtalned after pertechnetate (TCO4) Injection. The dark- 
ness of this Image represents a technical computer artifact that does 
not affect the subtraction process. The lower left image Is the pyro- - 
phosphate image after subtraction of one third of the blood pool. The 
lower right image Is the pyrophosphate Image after subtraction of two 
thirds of the blood pool. The bottom two images demonstrate a rim of 
Intense focal accumulation of activity within the myocardium, thereby 
strengthening observer certainty with respect to the presence of in- 
farctlon. 1310 to 1313 represent the locations of the images on com- 
puter disc. X1 and X2 are multiplication factors utlllzed to obtaln the 
one third and two thirds normalization of the blood poo! image. 


mine whether a computerized selective cardiac blood 
pool subtraction process could provide further diag- 
nostic information in the patients with equivocal 
technetium-99m pyrophosphate scintigrams. Previous 
computer techniques for processing these scintigrams 
have utilized contrast enhancement or background 


subtraction over the entire pyrophosphate image! 12; 


with these methods the subtraction process was not 
selective for the cardiac blood pool. In contrast, our. 
investigation examined a procedure in which the blood 
pool was selectively subtracted and in which myocardial 
radioactivity surrounding the blood pool was not sub- 
tracted. 

` Value of subtraction scintigram in predicting 
presence or absence of infarction: Our results dem- 
onstrate that patients with the equivocal pyrophosphate 
scintigraphic pattern can be subclassified with our 
computerized selective cardiac blood pool subtraction 


‘ technique into a group in whom the diffuse radioactivity 


is due to definite myocardial localization of techne- 
tium-99m ‘pyrophosphate, and a group in whom this 
diffuse activity is not secondary to myocardial local- 
ization. The clinical utility of the subclassification is 
apparent from the results (Table I). Of the 35 patients 
with equivocal scintigrams, 18 (51 percent) had no in- 
farction and 17 (49 percent) had acute infarction. Thus 
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the pyrophosphate scintigram alone did not accurately 
predict the presence or absence of acute infarction in 
this equivocal group. The subtraction scintigram, 
however, allowed for a more accurate prediction of the 
presence or absence of infarction. Of the 17 patients 
with positive pyrophosphate subtraction images, 14 (82 
percent) had acute myocardial infarction. Therefore, 
acute infarction was much more likely in the presence 
of a positive subtraction scintigram than in the pres- 
ence simply of an equivocal pyrophosphate scintigram. 
Furthermore, of the 17 patients with negative sub- 
traction scintigrams, 15 (88 percent) had no acute in- 
farction. Therefore, the finding of a negative subtraction 
image made the presence of acute infarction much less 
likely than the finding of an equivocal pyrophosphate 
scintigram alone. Thus the subtraction technique en- 
abled the interpreter to predict both the presence or 
absence of infarction more accurately in patients with 
equivocal scintigrams than was possible with observa- 
tion of the standard pyrophosphate scintigram alone. 
In addition, the results in the 13 patients with a prob- 
ably abnormal pyrophosphate scintigram demonstrated 
that the selective blood pool subtraction technique was 
useful not only in patients with an equivocal pyro- 
phosphate scintigram but also in patients in whom in- 
farction was believed to be likely. After subtraction all 
13 of the patients in this category had definite docu- 
mentation of abnormal myocardial localization of ra- 
dioactivity, thereby strengthening observer certainty 
with respect to the presence of infarction. 

Serial scintigrams performed over several days also 
might have clarified whether the 2+ diffuse pattern was 
secondary to blood pool activity or to diffuse myocardial 
uptake. Thus, if the classic pattern were noted with 


increasing positivity over the first 4 days after the acute 


clinical event followed by some decrease over the next 
several days, myocardial necrosis rather than blood pool 
activity would have been highly likely. However, the 
subtraction technique described in this study provides 
this answer immediately after performance of the initial 
scintigram. 

False positive scintigrams: The finding of definite 
myocardial localization of radioactivity in three patients 
without evidence of acute infarction deserves special 
note. Many of the reported false positive pyrophosphate 
studies have the 2+ diffuse pattern, which would not be 
considered positive if strict criteria for positive studies 
were utilized. Nevertheless, despite strict criteria for 
positive study, certain conditions other than acute 
myocardial infarction may result in definitely increased 
uptake of technetium-99m pyrophosphate within the 
myocardium. Our three patients had two entities pre- 
viously described as resulting in myocardial uptake: 
unstable angina pectoris! and large regions of ven- 
tricular dyssynergy.!! This uptake in the absence of 
infarction has also been described in a small percent of 
patients with old myocardial infarction,'4 valve calci- 
fication,515 recent electric cardioversion,!® myocardial 
or adjacent neoplasm,!” as well as certain unexplained 
conditions. However, in several of these conditions, the 
possibility of a small acute infarction that is not de- 
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tected by the electrocardiographic and enzymatic 


‘techniques remains a possible explanation for the 


myocardial localization of technetium-99m pyrophos- 
phate. 

Persistent blood pool activity resulting in 2+ 
diffuse pattern: A comment should be made regarding 
the high incidence rate of the 2+ diffuse pattern in our 
series. In our institution approximately one fifth of the 
patients with suspected acute myocardial infarction 
demonstrate the pattern of 2+ diffuse activity in the 
region of the heart.® This incidence is higher than that 
described in other reported series. *? It is possible that 
the higher incidence of apparent blood pool labeling in 
our series may have been due to the injection of some 
free technetium-99m pertechnetate along with the 
technetium-99m pyrophosphate and subsequent in vivo 
red blood cell labeling. This type of red blood cell la- 
beling has now been well described when pertechnetate 
is injected after injection of stannous pyrophos- 
phate.1819 However, our labeling procedure for the 
technetium-99m stannous pyrophosphate is precisely 
that recommended by the radiopharmaceutical man- 
ufacturers and hence is the same as that utilized in 
clinical nuclear medicine facilities throughout the 
country. Therefore, it would be anticipated that the 
same types of problems with persistent blood pool ac- 
tivity would arise in other clinical centers, and that the 
subtraction procedure described herein would be 
helpful in these instances. 

Correlation of scintigrams and infarct size: An 
additional comment may be appropriate with respect 
to the size of myocardial infarction detected with 
technetium-99m pyrophosphate myocardial scinti- 
grams. Regarding the minimal size of infarcts that can 
be detected, Poliner et al.2° demonstrated that infarcts 
weighing less than 3 g are not identified even with serial 
technetium-99m pyrophosphate myocardial imaging. 
These investigators considered the 2+ diffuse pattern 
as positive. Since in our study a 2+ diffuse pattern was 
required before the subtraction was applied, there is no 
evidence in our data to suggest that smaller infarctions 
would be detected by the subtraction technique than 
by standard technetium-99m pyrophosphate scintig- 
raphy. Regarding sizing of acute infarction, other 
groups“! have shown that the size of anterior and lateral 
infarction may be measured with technetium-99m py- 
rophosphate scintigraphy. The subtraction process 
described in this report may result in a decrease in the 
apparent size of the myocardial region with techne- 
tium-99m pyrophosphate uptake because portions of 
the true infarct may be subtracted out. Therefore, al- 
though it is helpful for the detection of infarction, the 
technique may not be applicable for determination of 
infarct size. 

Clinical implications: We have demonstrated a 
practical technique for selective cardiac blood pool 
subtraction that is useful in classifying equivocal py- 
rophosphate scintigrams into two subcategories: one 
with definite myocardial localization of pyrophosphate 
and the other with no evidence of myocardial labeling. 
This technique employs the injection of a readily 
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available radiopharmaceutical agent and standard 


computer software. By comparing the results of sub-’ 


traction scintigraphy with the clinical diagnosis of in- 


farction based on history, serial electrocardiograms and . 


serial serum enzyme determinations, we have demon- 
strated that the subclassification has important clinical 


value. When a patient has an equivocal pyrophosphate - 


‘gcintigram, one cannot predict from simple inspection 
of the scintigram whether acute infarction is present. 
However, after subclassification based on the result of 
computerized selective blood pool subtraction, acute 
infarction is more likely if definite myocardial local- 





ization is demonstrated; whereas, acute infarction is 
much less likely in the absence of myocardial localiza-- 
tion by the subtraction process. Therefore, the addition 
of this simple blood pool subtraction technique to 
standard pyrophosphate scintigraphy improves the 
overall effectiveness of the pyrophosphate scintigram 
in the detection of acute myocardial infarction. 
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Easy does it 


Cardiac patients simply can’t afford straining. 
To help your constipated cardiacs, 

DIALOSE combines an effective fecal softener 
with a lubricating agent, so stools are 

moister and elimination becomes easier. 
Should your cardiac patient require 

some peristaltic activation, 

DIALOSE PLUS—with 30 mg casanthranol— 
gently provides the needed stimulation. 


easier defecation makes it 
easier on his heart 


DIALOSE. 


(dioctyl sodium sulfosuccinate, 100 mg.; 
sodium carboxymethylcellulose, 400 mg.) 


STOOL SOFTENER/LUBRICANT 


DIALOSE.PLUS 


(dioctyl sodium sulfosuccinate, 100 mg.; 
and sodium carboxymethylcellulose, 400 mg.; 
plus casanthrano! 30 mg.) 


STOOL SOFTENER/LUBRICANT/ 
PERISTALTIC ACTIVATOR 


> A STUART PHARMACEUTICALS 
ag Division of ICI United States Inc. 
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Start with the basic MEDDARS and you begin with 





TO computer makes your MEDDA 


six channels of diagnostic data on a bright nonfade more productive. Now various setup and calibri 
display. For easier analysis, you can freeze the tion functions are automatically performed as 
display, print the contents as page-size records, or needed. Or you can initiate them by keystroke 
print all the data as a continuous strip chart. And command if your prefer. The microcomputer also 
this system can be expanded on site to meet new simplifies data analysis and lets you add alpha- 


requirements. numeric notations on the displayed records. 





Include a flexible disc unit and MEDDARS becomes an economical alternative to a big 
computerized cath system. Now, by simply inserting a preprogrammed disc, you can quickly 
calculate heart rate, cardiac output, pressure and other hemodynamic functions and immedi- 
ately generate a report from selected data. You can even program your own cath lab protocols. 
To get complete details on MEDDARS, write or call: Stan Edwards, Honeywell Physiological 
Data Systems, Box 5227, Denver, CO 80217. (303) 771-4700. 


WE'LL SHOW YOU A BETTER WAY. 
Honeywell 


InCHFtreatment... 


when diuretic-induced hyperaldosteronism 
contributes to sodium-retention and edema, 


consider specific action 
Aldactone 


(Spironolactone) 


the only diuretic 
with specific 
aldosterone- 
blocking action 









m helps avoid problems 
stemming from secondary 
(rebound) aldosteronism 


m maintains effectiveness m effective in both prevention 

over the long term* and treatment of hypokalemia, 
thus making potassium 
supplements unnecessary' 

f summary of prescribir g infomation on opposte m avoids extra expense/ 


iC 
infor 
ref 


* 
bri 
. Bef bing, pl th let H 
rn e E usually costs considerably 
Indicated for the treatment of patients with hypokalemia, j i 
Dr lor iae propran otyaselons neuen less than other diuretics 
digitalis, wh therm ri nsidi 
nen ooh hi S R plus potassium supplements 


Aldactone 


(spironolactone) 25-mg. tablets 













WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity T 
studies in rats (see Warnings). Aldactone should be used only in those con- H t AM ERICAN JOU R NAL 
ditions described under /ndications. Unnecessary use of this drug should of CAR DIOLOGY ? 
be avoided. 





Indications: Diagnosis and treatment of primary hyperaldosteronism. Essen- Production Manager: Marty Schlessel 


tial hypertension, edema of congestive heart failure and the nephrotic syn- ; Telephone: 212-489-5763 
drome, when other measures are considered inappropriate. Cirrhosis of the Reprints Manager: Herbert V. Paureiss, Jr 
liver accompanied by edema and/or ascites. Hypokalemia. Telephone: 212-489-4683 

Contraindications: Anuria, acute renal insufficiency, significant impairment Advertising Sales Director: Robert C. Weidner 
of renal function, or hyperkalemia. Telephone: 212-489-5756 


Warnings: Excessive potassium intake may cause hyperkalemia. Potassium 
supplements should not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies 
in rats. In one study using 25, 75 and 250 times the usual daily human dose 


(2 mg./kg.) there was a statistically significant dose-related increase in benign ADVERTISING 

adenomas of the thyroid and testes. In female rats there was a statistically sig- REPRESENTATIVES 

nificant increase in malignant mammary tumors at the mid-dose only. In male 

rats there was a dose-related increase in proliferative changes in the liver. At the NEW YORK 

highest dosage level (500 mg./kg.) the range of effects included hepatocy- 

tomegaly, hyperplastic nodules and hepatocellular carcinoma: the last was not Robert C Weidner. 

statistically significant — 212-489-5756 
Precautions: Patients should be carefully evaluated for possible disturbances 666 Fifth Avenue 

of fluid and electrolyte balance. Hyperkalemia may occur in patients with New York. N Y 10019 


impaired renal function or excessive potassium intake and can cause cardiac 
irregularities which may be fatal. Hyponatremia may be caused or aggravated, 
especially when Aldactone is administered in combination with other diuretics. CHICAGO 

Transient elevation of BUN and/or mild acidosis may occur. Aldactone poten- 

tiates the effect of other diuretics or antihypertensive agents, particularly py N 
ganglionic blocking agents: therefore the dosage of such drugs should be 





reduced by at least 50 percent when adding Aldactone. Gynecomastia may 222 South Riverside Plaza 
develop and in rare instances some breast enlargement may persist. Vascular Chicago. III 60606 
responsiveness to norepinephrine may be reduced. 
Spironolactone may cross the placental barrier. Use in pregnant women DALLAS 
requires that the anticipated benefit be weighed against possible hazard to the 
fetus. Breast feeding should be discontinued when Aldactone is being used. Dick Eldredge 
Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointes- 214-270-6461 
tinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 1580 Eastgate Drive, Suite 315 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental Garland, Texas 75041 
confusion, drug fever, ataxia, inability to achieve or maintain erection, irregular ' i 
menses or amenorrhea, postmenopausal bleeding, hirsutism and deepening of 
the voice. Carcinoma of the breast has been reported but a cause-and-effect ATLANTA 
relationship has not been established. Adverse reactions are usually reversible 
upon discontinuation of the drug Robert H Powell. Jr 
Dosage and Administration 404 633-8296 
For primary hyperaldosteronism: 400 mg. daily for three to four weeks PO Box 49087 
(long test), or for four days (short test). For preparation for surgery or for long- Atlanta, Ga 30359 
g maintenance therapy, 100 to 400 mg. daily 
or edema in adults: Initial daily dosage is 100 mg. in divided doses but 
may range from 25 to 200 mg. daily. If after five days an adequate diuretic LOS ANGELES 
response has not occurred, a second diuretic which acts more proximally in the Agatha Dory 
renal tubule may be added. The dosage of Aldactone should remain unchanged —213-386-1852 
when other diuretic therapy is added. 520 S. Lafayette Park Pi., Room 220 
For edema in children: Initial daily dosage should provide approximately 1.5 Los Angeles. Calıf 90057 


mg. per pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in 
divided doses, alone or with diuretics which act more proximally in the renal SAN FRANCISCO 
tubule, or with other antihypertensive agents. Continue treatment for at least Scott B Hubbard 
two weeks since maximal response may not occur before this time. Adjust 415-981 2594 
subsequent dosage according to patient response ame 

For hypokalemia: 25 to 100 mg. daily in divided doses. 582 Market Street 


San Francisco, Calif 94104 
Searle & Co. 
SEARLE San Juan. Puerto Rico 0093€ 
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A major innovation . 
in Echocardiography: 
Gray Scale. 


Experience and innovation continue to enforce regardless of paper speed or scale expansion. 
Picker leadership in diagnostic ultrasound. And finally, DSA™ (Depth Selective Amplifica- 

Evidence of this success is our new Gray Scale tion), provides easier delineation of cardiac 
signal processing which for the first time allows structures simplifying both procedure time and 
high fidelity recording of echocardiographs. operator training. 

Quantification of echoes into four shades of Added to these superior clinical benefits are 
gray provides the recording of both low and unmatched service, training and applications 
high amplitude signals without distortion, assistance. 
assuring clear definition of myocardium. This is another example of Picker'’s 

Leading edge enhancement defines unique human resources benefiting you. 
each interface with wavelength accuracy It's aresult of our expertise in the diagnostic 
and improves reliability of dimensional modalities of ultrasound, x-ray, nuclear, 
measurements. computed tomography, clinical laboratory, 

Gray Scale test pattern generator brings film systems and therapy. Only Picker 
instant quality control to assure con- has all these resources. 
sistency of results. Consult your Picker representative or 

Automatic recorder intensity com- write Picker Corporation, 12 Clintonville 
pensation provides the same clear recordings Road, Northford, CT 06472. 









Discover the human resources in Picker'synergy 
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ONE OF THE C.IT. COMPANIES 








A New Book! PROGRESS IN CARDIOLOGY. 6. Edited by PAUL N. YU, 
M.D., University of Rochester School of Medicine and Dentistry, 
Rochester, New York; and JOHN F. GOODWIN, M.D., Royal Postgrad- 
uate Medical School, London, England. (31 Contributors). This sixth 
volume of a popular series is devoted exclusively to the topic of coro- 
nary revgscularization. Many European and American cardiologists and 
cardiac ae examine all the major aspects of the subject from 
surgical techniques in coronary artery bypass grafts to sophisticated 
hemodynamic and angiographic evaluation of the left ventricular 
function before and after coronary revascularization. All aspects of the 
subject are covered: indications, contraindications, concepts and 
limitations of coronary artery surgery; reports on three clinical trials 
carried out respectively in the U.S.A. and Europe; combined coronary 
artery bypass surgery and other cardiovascular operations in patients 
with coronary artery disease including operative techniques and results 
obtained; rationale, indications, contraindications, risks and operative 
results of coronary bypass graft surgery in patients suffering from acute 
myocardial infarction; etc. 211 pp. (7 X 10), illus., 1977, $15.00. 


A New Book! CHEST PAIN: An Integrated Diagnostic Approach. Edited 
by DONALD L. LEVENE, M.D. With RONALD F. BILLINGS, M.D., 
GEOFFREY M. DAVIES,.M.D., JOHN EDMEADS, M.D., and FREDRIC 
G. SAIBIL, M.D. All of the University of Toronto Clinic, Sunnybrook 
Medical Centre, Toronto, Ontario, Canada. (8 Contributors). This highly 
practical and innovative book depicts an integrated diagnostic approach 
to one of the most common presenting symptoms in medicine. Clinically 
oriented, it brings together the numerous causes of chest pain, presents 
them by region, by system, and in order of frequency of occurrence, 
and explains how to separate the various entities. It also provides the 
reader with an awareness of pain as a problem which may involve more 
than one system, such as the respiratory and cardiovascular systems 
in acute pulmonary embolism, or the cardiovascular and psychic sys- 
tems in angina pectoris. Diagnosis of chest pain is discussed throughout 
by specialists concerned with the appropriate organ and structure. The 
cardiovascular section completely covers this important area and 
clearly portrays the diagnostic aspects of cardiovascular pain. 203 pp., 
paperback, 41 illus., 1977, Ready Now. 


A New Book! MECHANICAL CONCEPTS IN CARDIOVASCULAR AND 
PULMONARY PHYSIOLOGY. By JERRY FRANKLIN GREEN, Ph.D., 
University of California School of Medicine, Davis. This succinct, 
well-written text develops within the same conceptual framework the 
mechanics of both the blood vessels and pulmonary airways. The 
concepts put forth in this synthesis are designed to carry the student 
through the fundamentals in a manner which is easy to understand. The 
student who reads this text and understands the study questions will 
have the skills required for analyzing many of the basic and clinical 
problems related to the mechanics of the cardiovascular and pulmonary 
system. The conceptual schemas which are developed in this book are 
based upon unifying mechanical concepts. 166 pp. (51/4 X 79⁄4), illus., 
paperback, 1977, $10.00. 
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4 AAS: Capsules 1mg, 2mg,5 mg 
(orazosiın HC) 
A ji ANTIHYPERTENSIVE 





M l NIPR kS Capsules 1mg, 2mg,5 mg 
tees etn | 
A FLEXIBLE ANTIHYPERTENSIVE — 
ALONE OR IN COMBINATION 


= chemically and pharmacologically 
unique vasodilator 
m mild to moderate in activity 
m effective in all grades of hypertension 
m well suited for long-term therapy* 
= no tolerance observed in long-term therapy* 


The above is an artistic rendition of the molecular structure of prazosin. 


© 1976. Pfizer Inc 





*Minipress has been studied in patients on continuous therapy for periods of up to 5 yea 


Before prescribing Minipress, WARNINGS and 
DOSAGE AND ADMINISTRATION sections should be carefully reviewed. 





M i NIPRES Capsules 1mg, 2mg,5 mg 
(OraGZOSIN HC) 
Well suited for long-term therapy 
~ because of direct action on the arterioles 





Antihypertensive effects are a direct result of relaxation 
of arteriolar smooth muscle, with an associated 
decrease in peripheral resistance without dilatation of 
venules or consequent venous pooling. 





without clinically significant changes in 
cardiac or renal hemodynamics. 





No significant change in cardiac output. Reflex tachycardia 
frequently associated with other vasodilators is much less 
common with Minipress. 


No significant change in renal blood flow or glomerular 
filtration rate. 


No increase in plasma renin activity. 


Please see Brief Summary on last page for indications, warnings and adverse reactions. 
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MINIPRESS prazosn ci 
Effective in all grades of hypertension. 


ANTIHYPERTENSIVE RESPONSE 

IN ALL PATIENTS (RESPONDING AND NONRESPONDING): 

Mean reduction of blood pressure (standing) 

207 patients were treated for 8 weeks or longer and were titrated through the full dosage range 
(up to 20 mg./day) unless satisfactory response (diastolic below 100 mm. Hg) was achieved at a 
lower dose level. More than three-fourths of the patients had hypertension of moderate severity 
or greater. 


MILD* MODERATE* SEVERE* 
(90-99 mm. Hg diastolic) (100-114 mm. Hg diastolic (>114 mm. Hg diastolic TOTAL 
34 Patients 122 Patients 51 Patients 207 Patients 








Seventy-five percent of patients had a decrease in the severity of their illness, 75% had a final 
standing diastolic below 100 mm. Hg and nearly one-third of the patients had a final standing 
diastolic below 90 mm. Hg. *BASELINE SEVERITY 


ANTIHYPERTENSIVE EFFECT IN RESPONDING PATIENTS: 
Mean reduction of blood pressure (standing) 


MODERATE SEVERE TOTAL 
18 of 34 Patients 97 of 122 Patients 28 of 51 Patients 143 of 207 Patients 





W J SYSTOLIC [p] DIASTOLIC 


The pattern of response shown above provides another perspective on the activity of Minipress 
by illustrating mean blood pressure reductions in those patients who responded to Minipress 
therapy. For those patients who had moderate to severe hypertension, response was defined as 
a fall in diastolic blood pressure to less than 100 mm. Hg. For those patients who had mild hyper- 
tension, response was defined as a fall in blood pressure to less than 90 mm. Hg. 








Well tolerated for long-term 
antihypertensive therapy. 



















m The most common reactions associated with Minipress 


therapy are: 
dizziness (10.3%) weakness (6.5%) 
headache (7.8%) palpitations (5.3%) 
drowsiness (7.6%) nausea (4.9%) 


lack of energy (6.9%) 


a A small percentage of patients experienced orthostatic 
hypotension (3.4%) and syncope (1.3%). Patients 
should always be started on 1-mg. capsules of Minipress. 
The 2-mg. and 5-mg. capsules are not indicated 

for initial therapy. (For more detailed descriptions of 
orthostatic hypotension and syncope, refer to 

Warnings section in Brief Summary.) 





= Minipress was found to be associated with a relatively 
low incidence of the following side effects often en- 
countered with one or more other antihypertensive 


agents: 
dry mouth (4.2%) diarrhea (1.5%) 
nasal congestion (3.7%) impotence (0.6%) 
depression (2.3%) tachycardia (0.2%) 


Laboratory abnormalities such as positive Coombs’ tests 
and alterations in serum electrolytes have not been a 
problem with Minipress therapy. 


Please see Brief Summary on last page for indications, warnings and adverse reactions. 











WELL SUITED FOR LONG-TERM THERAPY... 
MINIPRESSicrazosintch 
(OPAZOSIN HCI) 
= Chemically and pharmacologically unique 
vasodilator. 


a Mild to moderate in activity. 


m Effective in all grades of hypertension, 
either alone or in combination with a 
diuretic and/or other antihypertensive 
agent. 


m Direct action on the arterioles without 
Clinically significant effects on cardiac out- 
put, renal blood flow or glomerular filtration 
rate. Reflex tachycardia frequently 
associated with other vasodilators is much 
less common with Minipress. 


= No tolerance observed in patients on 
Continuous therapy for periods of up to 
5 years. 


= Studies in patients on continuous therapy 
for periods of up to 5 years indicate that 
Minipress is well suited for long-term 
therapy. 


m Starting dosage: 1 mg t.i.d. (See Dosage 
and Administration section.) 


m Usual maximum recommended dosage: 
20 mg daily, given in divided doses. 


m= Some patients can be maintained 


adequately on a b.i.d. dosage regimen. 
m Available in 


pnr | przen 
sasit aan 


4: +~' 
1-mg, 2-mg, and 5-mg capsules. 





BRIEF SUMMARY 

MINIPRESS® (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to 
moderate in activity. It can be used as the initial agent or it may be 
employed in a general treatment program in conjunction with a diuretic 
and/or other antihypertensive drugs as needed for proper patient 
response. 

WARNINGS. MINIPRESS (prazosin hydrochloride) may cause 
syncope with sudden loss of consciousness. In most cases this 
is believed to be due to an excessive postural hypotensive 
effect, although occasionally the syncopal episode has been 
preceded by a bout of severe tachycardia with heart rates of 
120-160 beats per minute. Syncopal episodes have usually oc- 
curred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid 
dosage increases or the introduction of another antihyperten- 
sive drug into the regimen of a patient taking high doses of 
MINIPRESS (prazosin hydrochloride). The incidence of syncopal 
episodes is approximately 1% in patients given an initial dose of 
2 mg or greater. Clinical trials conducted during the investiga- 
tional phase of this drug suggest that syncopal episodes can be 
minimized by limiting the initial dose of the drug to 1 mg, by sub- 
sequently increasing the dosage slowly, and by introducing any 
additional antihypertensive drugs into the patient’s regimen 
with caution (see DOSAGE AND ADMINISTRATION). Hypoten- 
sion may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent posi- 
tion and treated supportively as necessary. This adverse effect is self- 
limiting and in most cases does not recur after the initial period of therapy 
or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for 
initial therapy. 

More common than loss of consciousness are the symptoms often 
associated with lowering of the blood pressure, namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
adverse effects and advised what measures to take should they develop. 
The patient should also be cautioned to avoid situations where injury 
could result should syncope occur during the initiation of MINIPRESS 
(prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in preg- 
nancy has not been established. MINIPRESS (prazosin hydrochloride) is 
not recommended in pregnant women unless the potential benefit out- 
weighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of 

MINIPRESS (prazosin hydrochloride) in children. 
ADVERSE REACTIONS. The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
palpitations 5.3%, and nausea 4.9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no 
decrease in dose of drug. 

The following reactions have been associated with MINIPRESS 
(prazosin hydrochloride), some of them rarely. (In some instances exact 
causal relationships have not been established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discom- 
fort and/or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, impotence. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal 
ophthalmological findings have been reported. 

DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted according to the patient's individual 
blood pressure response. The following is a guide to its administration: 

Initial Dose: 1 mg three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily 
dose of 20 mg given in divided doses. Higher doses usually do not in- 
crease efficacy, however a few patients may benefit from further in- 
creases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily 
dosage regimen. 

Use With Other Drugs: When adding a diuretic or other anti- 

hypertensive agent, the dose of MINIPRESS (prazosin hydrochloride) 
should be reduced to 1 mg or 2 mg three times a day and retitration then 
carried out. 
HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available in 
1 mg (white #431), 2 mg (pink and white #437), and 5 mg (blue and white 
#438) capsules in bottles of 250, and unit dose packages of 100 (10 x 10's). 

More detailed information available on request. 
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EXERCISE 
TESTING BASIC 


Stress testing is rapidly becoming a standard diagnostic 
tool. But setting up your own stress testing unit can be costly. 
The equipment shown here will give you a basic system, 
flexible enough to build on for years to come. 
Select a treadmill that will last. The treadmill is the basic 
workhorse of the system. It has to be durable. For 16 years, 
Quinton treadmills have been the standard in re- === 
search centers, heart clinics and everyday practice. 
We build seven models. All feature endless 
nylon belts for extra long service life, aircraft 
type honeycombed aluminum decks, lifetime 
lubricated bearings and heavy duty AC motors 
with “no jerk” speed control. 
Quinton treadmills offer variable speed and 
elevation with metered readouts for both. 
Select a practical multi-channel ECG 
Pe ee monitor. Quinton offers a variety of ECG monitors. OI 
B m : Model 623 two-channel unit has the versatility of multip 
channel monitoring without the expense of three channe 
systems. 

The Quinton Model 623 gives you pushbutton lead 
selection and lets you display and record any two leads 
simultaneously. With the QRS Sync feature, each consec: 
utive QRS complex can be expanded to the full width of 1 
screen, making even small changes obvious immediately. 
E No battery packs are required with the 623 and the 
Model 623 ECG Monitoring System internal calibration system not only checks the recorder 

before you conduct a test, it also checks the oscilloscope, patient cables and heart 
rate meter to assure you of total system accuracy. 
Build the system as your practice grows. Quinton offer 
a number of special purpose units which will expand the syste 
capabilities as your needs grow. 
' A Quinton programmer allows you to concentrate on 
monitor and the patient while the test progresses automatice 
een i at eae Aoi EEEE Model 740 ECG E 
e aE bal ata Computer digitally o n a 
displays the heartrate, S-T level and S-T slope. © =. a: 
It averages the signal to help you “see through” _ iE a 
noisy ECG, and it records heartrate, S-T Ba niee rarae e 
changes, arrhythmias and 20 beat ECG averages. _ Model 611 Card 
The Quinton cardiotachometer computes and digitally displays heartrate on a 
instantaneous, beat-by-beat basis. For details on all these products, contact Quintor 
Instrument Co., Dept. E16, 2121 Terry Avenue, Seattle, Washington 98121. 
Call 206/223- 7373 or dial toll free 800-426-0538. QUINTON 














Treadmill Model 18-54 














n Cardiac eaema... 


the diuretic 
most likely to 
succeed. 


It can outperform the thiazides in sodium loss 


Lasix® (furosemide) has a greater potential for ridding the 
body of excess sodium and water than any other commonly 
used diuretic. A potential that has been realized in multiple 
comparative studies in patients with cardiac edema. 

That’s why Lasix is the diuretic most likely to succeed 
in all degrees of cardiac edema. 


It need not go beyond them in potassium loss 


With Lasix, the key to minimizing electrolyte disturbances is 
proper dosage. For if you control the cardiac patient’s urine 
output and edema by titrating the dosage, the result likely 
will be excretion of less potassium because Lasix produces 
a dilute urine. As with any diuretic, electrolyte depletion can 
occur during therapy with furosemide. Careful clinical and 
laboratory observations are recommended. 


And it often works where thiazides cant 


Unlike other commonly used diuretics, Lasix can be useful in 
patients with severely depressed renal function. Even in the 
presence of renal insufficiency with acidosis, alkalosis or 
hypoalbuminemia, Lasix has been found both effective and 
well tolerated. If increasing azotemia and oliguria occur dur- 
ing treatment of severe progressive renal disease, the drug 
should be discontinued. Lasix is contraindicated in anuria. 
(See next page for a brief summary of prescribing information.) 


The basic unit- The adjuster unit- 


for initial therapy. for maintenance therapy. 
40 mg tablets. PAM ile ECGLIGIGA 
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A brief summary of the Prescribing Information for 
Lasix® (furosemide) Tablets 20 mg and 40 mg 


WARNING—Lasix (furosemide) is a potent diuretic which if given in 
excessive amounts can lead to a profound diuresis with water and electro- 
lyte depletion. Therefore, careful medical supervision is required, and 

ose and dose schedule have to be adjusted to the individual patient's 
needs. (See under “Dosage and Administration.) 

Indications—Lasix (furosemide) is indicated for the treatment of the 
edema associated with congestive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syndrome. . 

Hypertension—Lasix (furosemide) may be used for the treatment of 
hypertension alone or in combination with other antihypertensive drugs. 
Hypertensive patients who cannot be adequately controlled with thiazides 
win probably also not be adequately controllable with Lasix (furosemide) 
alone. 

CONTRAINDICATIONS—Because animal reproductive studies have 
shown that Lasix (furosemide) may cause fetal a normalities, the drug is 
contraindicated in women of childbearing potential. (See “Additional 
Information.”) : ; 

Lasix (furosemide) is contraindicated in anuria. If increasing azotemia 
and oliguria occur during treatment of severe progressive renal disease, 
the bet, should be discontinued. In hepatic coma and in states of electro- 
lyte depletion, therapy should not be instituted until the basic condition 
is improved or corrected. Lasix (furosemide) is contraindicated in patients 
with a history of hypersensitivity to this compound. 

. Warnings—Excessive diuresis may result in dehydration and reduc- 
tion in blood volume, with circulatory collapse and with the possibility 
of vascular thrombosis and embolism, particularly in elderly patients. 
Excessive loss of potassium in patients receiving digitalis glycosides may 
precipitate digitalis toxicity. Care should also be exercised in patients re- 
ceiving potassium depleting steroids. 

Frequent serum electrolyte, CO. and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 

In patients with hepatic cirrhosis and ascites, initiation of therapy 
with Lasix (furosemide) is best carried out in the hospital. Sudden altera- 
tions of fluid and electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is necessary during 
the period of diuresis. Supplemental potassium chloride and, if required, 
an aldosterone antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 

Patients should be observed regularly for the possible occurrence of 
blood dyscrasias, liver damage, or other idiosyncratic reactions. 

In those instances where potassium supplementation is required, an 
oral gui preparation should be used rather than enteric-coated potas- 
sium salts. 

There have been several reports, published and unpublished, con- 
cerning nonspecific small-bowel lesions consisting of stenosis, with or 
without ulceration, associated with the administration of enteric-coated 
thiazides with potassium salts. These lesions may occur with enteric- 
coated potassiup tablets alone or when they are used with nonenteric- 
coated thiazides, or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred, 

Available information tends to implicate enteric-coated potassium 
salts, although lesions of this type also occur spontaneously. Therefore, 
coated potassium-containing formulations should be administered only 
when indicated and should be discontinued immediately if abdominal 
pain, distention, nausea, vomiting, or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix (furosemide), f : 

Precautions—As with any potent diuretic, electrolyte depletion may 
occur during therapy with Lasix (furosemide), especially in patients re- 
ceiving higher doses and a restricted salt intake. Electrolyte depletion 
may manifest itself by weakness, dizziness, lethargy, leg cramps, ano- 
rexia, vomiting, and/or mental confusion, 

Asymptomatic hyperuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 
observed in association with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. A : r 

When parenteral use of Lasix (furosemide) precedes its oral use, it 
should be kept in mind that cases of tinnitus and reversible hearing im- 


- pairment have been reported. There have also been some reports of cases 


in which irreversible hearing impairment occurred. Usually, ototoxicity 
has been reported when Lasix (furosemide) „was injected rapidly in pa- 
tients with severe impairment of renal function at doses exceeding sev- 
eral times the usual recommended dose and in whom other drugs known 
to be ototoxic were often given. If the physician elects to use high dose 
parenteral therapy in patients with severely impaired renal function, con- 
trolled intravenous infusion is advisable (for adults, it has been reported 
that an infusion rate not exceeding 4 mg Lasix [furosemide] per minute 
has been used). 1 > 

Increases in blood glucose, and alterations in glucose tolerance tests 
with abnormalities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes mellitus have 
been reported. : 

Lasix (furosemide) mey lower serum calcium levels, and rare cases 
of tetany have been reported. A - ; ja 

Patients receiving high doses of salicylates, in conjunction with Lasix 
(furosemide) may experience salicylate toxicity at lower doses because of 
competitive renal excretory sites. as 

Diuretics such as furosemide may enhance the nephrotoxicity of 
cephaloridine. Therefore, Lasix (furosemide) and cephaloridine should 
not be administered simultaneously. x 

Sulfonamide diuretics have been reported to decrease arterial respon- 
siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering cuvare or its deriva- 
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tives to patients undergoing therapy with Lasix (furosemide), and it is 
advisable to discontinue Lasix (furosemide) for one week prior to any 
elective surgery. l 

Adverse Reactions—Various forms of dermatitis, including urticaria 
and rare forms of exfoliative dermatitis, erythema multiforme, pruritus, 
paresthesia, blurring of vision, postural hypotension, nausea, vomiting, or 
diarrhea. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with 
purpura). Rare cases of agranulocytosis which responded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli and acute pancreatitis. 

Lasix (furosemide)-induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle cramps, thirst, in- 
creased perspiration, urinary bladder spasm, and symptoms of urinary 
frequency. 

Dosage and Administration 
ADULTS 


The usual adult dose of Lasix (furosemide) is 20 to 80 mg given as a 
single dose. A f j 5 

If the diuretic response with a single dose of 20 to 80 mg is not satis- 
factory, the howing schedule should be used: Increase this dose by in- 
crements of 20 or 40 mg not sooner than 6 to 8 hours after the previous 
dose until the desired diuretic effect has been obtained. This individually 
determined single dose should then be given once or twice daily. The dose 
of Lasix (furosemide) may be carefully titrated up to 600 mg per day in 
those patients with severe clinical edematous states. 

With doses exceeding 80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are Particularly advisable. 

, Hypertension—The usual dose of Lasix (furosemide) is 40 mg twice 
daily both for initiation of therapy and for maintenance. Careful observa- 
tions for changes in blood pressure must be made when this compound is 
used with other antihypertensive drugs, especially during initial therapy. 
The dosage of other agents must be reduced by at least 50 percent as 
soon as Lasix (furosemide) is added to the regimen to prevent excessive 
drop in blood pressure. As the blood pressure falls under the potentiating 
effect of Lasix (furosemide), a further reduction in dosage, or even discon- 
tinuation, of other antihypertensive drugs may be necessary. It is further 
recommended, if 40 mg twice daily does not lead to a clinically satisfac- 
tory response, to add other hypotensive agents, e.g., reserpine, rather than 
to increase the dose of Lasix (furosemide), 

INFANTS AND CHILDREN 

Pediatric Administration: The usual initial dose of oral Lasix in infants 
and children is 2 mg/kg body weight, given as a single dose. If the diuretic 
response is not satisfactory after the initial dose, dosage may be increased 
by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previous dose. 
Doses greater than 6 me! kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should be 
adjusted to the minimum effective level. 4 2 

How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 
round, monogrammed, scored tablets. £ 

Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 
grammed tablets. _ y ; z 

Note: Dispense in dark containers. Exposure to light may cause slight 
discoloration which, however, does not alter potency. 

Additional Information 
Toxicology , 7 s, , ERa 

The acute toxicity of Lasix (furosemide) has been determined in mice, 
rats, and dogs. In all three animal species, the oral LDso of Lasix (furo- 
semide) exceeded 1000 mg/kg of body weight, while the intravenous LDso 
ranged from 300 to 680 mg/kg. Intragastric injection of the drug in new- 
born rats resulted in an LDso of 380 mg/kg. r 

The acute toxicity of high doses of Lasix (furosemide) was character- 
ized by convulsions, paralysis, and collapse. Survivin animals often be- 
came dehydrated and depleted of electrolytes due to the diuresis induced 
by Lasix (furosemide). In the newborn rats, intragastric injection of the 
drug caused hyperactivity and anorexia. i S 

Chronic toxicity studies with Lasix (furosemide) were done in rats 
and dogs. In a one-year study in rats, renal tubular degeneration occurred, 
with all doses higher than 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day). A six-month study in dogs revealed cal- 
cification and scarring of the renal parenchyma at all doses above 10 
mg/kg (83 percent of the maximal recommended human dose of 600 mg 
per day). 

Reproductive Studies ` 

The effects of Lasix (furosemide) on embryonic and fetal develop- 
ment and on pregnant dams were studied in mice, rats, and rabbits. 

Lasix (furosemide) caused unexplained maternal deaths and abor- 
tions in the rabbit when 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day) was administered between days 12 to 17 
of gestation. In a previous study the lowest dose of only 25 mg/kg (2 times 
the maximal recommended human dose of 600 mg per day) caused ma- 
ternal deaths and abortions. In a third study, none of the pregnant rabbits 
survived a dose of 100 mg/kg. Data from the above studies indicate fetal 
lethality which can precede maternal deaths. 7 

The results of the mouse study and one of the three rabbit studies 
also showed an increased incidence of hydronephrosis (distention of the 
renal pelvis and, in some cases, of the ureters) in fetuses derived from 
treated dams as compared to the incidence in fetuses from the control 
group. 
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Dees the patient fidget? Seem unduly restless, irritable and hyper- 
sensitive? Have a tendency to sweat, tire easily, complain of vague and 


varied aches and pains? 


Excessive psychic tension may well be a distressing problem in your 


hypertensive patient. 


If so, Valium (diazepam) can be an invaluable addition to your 
antihypertensive program. Valium provides a response you know, want and 
trust. A response that means dependable relief of psychic tension and 
anxiety and their more distressing symptoms—symptoms that may range 
from overconcern with bodily “aches” to irritability, hypersensitivity and 
emotional lability. And Valium works promptly, with initial calming in hours 
and significant improvement within days. 

Equally important: Valium is generally well tolerated and can be used 
concomitantly with antihypertensive agents, diuretics, cardiac glycosides 
and most other primary medications. Though drowsiness, ataxia and 
fatigue are sometimes encountered, these and more serious side effects 


are rarely a problem. 


Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 

Indications: Tension and anxiety states; 
somatic complaints which are concomitants 
of emotional factors; psychoneurotic states 
manifested by tension, anxiety, apprehen- 
sion, fatigue, depressive symptoms or agita- 
tion; symptomatic relief of acute agitation, 


tremor, delirium tremens and hallucinosis 


due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused 
by upper motor neuron disorders; athetosis; 
stiff-man syndrome; convulsive disorders 
(not for sole therapy). 

Contraindicated: Known hypersensitivity to 
the drug. Children under 6 months of age. 
Acute narrow angle glaucoma; may be used 
in patients with open angle glaucoma who 
are receiving appropriate therapy. 


` Warnings: Not of value in psychotic pa- 


tients. Caution against hazardous occupa- 
tions requiring complete mental alertness. 
When used adjunctively in convulsive disor- 
ders, possibility of increase in frequency 
and/or severity of grand mal seizures may 


_ require increased dosage of standard anti- 


convulsant medication; abrupt withdrawal 
may be associated with temporary increase 
in frequency and/or severity of seizures. Ad- 


- vise against simultaneous ingestion of al- 


cohol and other CNS depressants. With- 
drawal symptoms (similar to those with bar- 
biturates and alcohol) have occurred follow- 


ing abrupt discontinuance (convulsions, 
tremor, abdominal and muscle cramps, 
vomiting and sweating). Keep addiction- 
prone individuals under careful surveillance 
because of their predisposition to habitua- 
tion and dependence. 
Usage in Pregnancy: Use of minor 
tranquilizers during first trimester 
should almost always be avoided 
because of increased risk of con- 
genital malformations as suggested 
in several studies. Consider possi- 
bility of pregnancy when instituting 
therapy; advise patients to discuss 
therapy if they intend to or do be- 
come pregnant. , 
Precautions: |f combined with other 
psychotropics or anticonvulsants, consider 
carefully pharmacology of agents employed; 
drugs such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other an- 
tidepressants may potentiate its action. 
Usual precautions indicated in patients se- 
verely depressed, or with latent depression, 
or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic 
function. Limit dosage to smallest effective 
amount in elderly and debilitated to pre- 
clude ataxia or oversedation. 
Side Effects: Drowsiness, confusion, di- 
plopia, hypotension, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in saliva- 
tion, slurred speech, tremor, vertigo, urinary 


retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anx- 
iety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, 
stimulation have been reported; should 

these occur, discontinue drug. Isolated re- 
ports of neutropenia, jaundice; periodic 
blood counts and liver function tests advis- 
able during long-term therapy. 

Dosage: Individualize for maximum benefi- 
cial effect. Adults: Tension, anxiety and 
psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 

first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle 
spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated pa- 
tients: 2 to 2⁄2 mg, 1 or 2 times daily ini- 
tially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2⁄2 mg 

t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 
Supplied: Valium® (diazepam) Tablets, 2 mg, 
5 mg and 10 mg—bottles of 100 and 500; 
Tel-E-Dose® packages of 100, available in 
trays of 4 reverse-numbered boxes of 25, and 
in boxes containing 10 strips of 10; Prescrip- 
tion Paks of 50, available singly and in trays 
of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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When it comes to innovation in 
the field of diagnostic nuclear 
medicine, you can always 
depend on Searle Radio- 
graphics to bring it to you. 

And our new Gamma/Cor 
RCG Cardiac Probe is a 
perfect example. 

Here, for the first time, is a 
portable, minimally invasive 
method for rapid and direct 
measurement of left ventricular 
ejection fraction. It utilizes a 
volumetric radionuclide tech- 
nique right at the patient's 
bedside and, unlike other 
instrumentation, it provides all 
essential data directly on an 
easy-to-read strip chart. 

The Gamma/Cor RCG 
Cardiac Probe is yet one more 
example of Searle's expertise in 
the field of nuclear instrumen- 
tation. And when it comes 
to new dimensions in nuclear 
cardiology, Searle brings them 
to you first. 





SEARLE 


Searle Radiographics 
Division of Searle Diagnostics Inc. 
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*INDICATIONS — Based on a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied the indication as follows 


Possibly" effective: For long-term therapy of chronic angina pectoris. Pro- 
longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is not intended to abort the acute anginal attack 


Final classification of the less-than-effective indications requires further 
investigation 








= 





CONTRAINDICATIONS — No specific contraindications are known 


PRECAUTIONS — Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache. dizziness. nausea. flushing 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information 





Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, NY. 10523 


lllustrated: Queen of Hearts... from the series 
Le jeu de Charles VII" created in Lyons, 
France in the second decade of the 16th century 


The gentlemen of this series had names: the 
ladies bore heroic slogans. This pack honored 
the life of Charles VII (1422-1461) 





What's in the cards for the 
anginal patient? 


For centuries, dealing with the heart's ills has been 
the subtlest of arts, an intricate shuffling of skill and 
science. Even today, evaluating a drug for chronic 
angina pectoris involves the art of medicine as 
well as its science. 


During more than a decade of clinical experience, 
Compounding both science and art, Persantine 
has often been found useful in the long-term man- 
agement of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 


reduce nitroglycerin requirements 


Give enough...long enough (recommended dos- 
age: 50 mg t.i.d. at least one hour before meals 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate 
coronary vasodilator 


A Broken Heart 


It can start with a little 
high blood pressure 


Infarction with rupture of the wall in the left 
ventricle of man, 66, with mild hypertension 
Blood clot in pericardial sac. Postmortem 


Phétographed exClusively for Boehringer 
Ingelheim by Lennart Nilsson 








Reach for 
normal 


blood 
pressure 





In mild to moderate 
hypertension 


(clonidine HCI) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.! 

You can add Catapres to 

Catapres to get pressure down 


near normal. 


Wide therapeutic dosage range—0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels 









*Doses as high as this have rarely been employed 


Catapres usually doesn’t add a 
lot of problems. 


The most common side effects—dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure 


Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions 





In mild to moderate hypertension 


Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease 


The Catapres Potential: 


blood pressure not just down, 


but down near normal 


Catapres............. 


(clonidine HCI) 


Start with Catapres when a 
diuretic is wrong for your patient 


Add Catapres when a diuretic 
alone doesn't let you reach 
near-normal pressure 


Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: \n view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 


tion of blood glucose, or serum creatine phosphokinase: 


congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 
5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 
10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 
How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 

Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd 


ull Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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A Every patient receives a reliable, 
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Echocardiographic measurements of the left ventricular end diastolic 
minor axis and posterlor and septal wall thickness were obtained In 19 
children with congenital aortic stenosis with left ventricular peak systolic 
pressures ranging from 110 to 225 mm Hg at cardiac catheterization. From 
these measurements were derlved (1) the left ventricular peak circum- 
ferential wail stress, (2) the end-diastolic h/t ratlo (that is, mean of septal 
and posterior wall thickness (h) to minor semiaxis (+) ratio), and (3) the 
LVM/LVV ratlo (that is, left ventricular mass (LVM) to left ventricular 
end-diastolic volume (LVV) ratio). The peak stress was found to be within 
the normai range and independent of the left ventricular peak systolic 
pressure. The end-diastolic h/r and LVM/LVV ratlos had highly significant 
linear relations to the left ventricular peak systolic pressure. It Is concluded 
that these easily determined echocardiographl¢é measurements provide 
a useful noninvasive means of assessing left ventricular peak systolic 
pressure in patients with aortic stenosis without myocardlal decompen- 
sation. . 


Left ventricular peak systolic pressure has been shown to correlate with 
left ventricular wall thickness in patients with aortic stenosis.! However, 
a more precise relation can be expressed by the law of Laplace which, 
when applied to the left ventricle, states that left ventricular wall stress 
(wall force per unit of cross-sectional area) is related to the ventricular 
pressure and to the ratio of the ventricular wall thickness (h) to the 
ventricular minor semiaxis (r), that is, the h/r ratio.? When a chronically 
increased pressure load is imposed upon the ventricle, the left ventricular 
wall thickness increases so that the left ventricular peak systolic wall 
stress remains relatively constant and within mormal limits? The 
constancy of the left ventricular peak wall stress implied that there 
should be-a defined correlation between the left ventricular systolic 
pressure and the h/r ratio at the time peak stress occurs. ; 

_ Recently the use of echocardiographic measurements at end-systole 
has been proposed for assessing left ventricular peak systolic pressures 
in patients with aortic stenosis.®” In this study we’ investigated the 


. constancy. of left ventricular peak wall stress over a wide range of left 


ventricular peak.systolic pressures. On the basis of observations of Ford,8 
we further examined the quantitative relations between left ventricular 
peak systolic pressure and echocardiographically determined end-dia- 
stolic h/r ratio or left ventricular mass (LVM) to end-diastolic volume 
(LVV) ratio (LVM/LVV ratio) in order to test the validity of these ratios 
to estimate left ventricular peak systolic pressure. 
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Material and Methods 


Patients: Nineteen patients with congenital aortie stenosis, 
2.3 to 18 years (mean 10.1 years) of age, with left ventricular 
peak systolic pressures ranging from 110 to 225 mm Hg were 
studied with echocardiography and cardiac catheterization 
(Table I). Three of these patients had previous aortic valvo- 
tomy with significant residual postoperative aortic stenosis 
but without significant aortic insufficiency. One patient had 
a previous repair for associated coarctation of the aorta. No 
other cardiac lesions were present. 

Echocardiograms: These were obtained with a Smith- 
Kline Ekoline-20 Ultrasonascope coupled to a Honeywell 1856 
strip chart recorder. A 2.5 megahertz transducer focused at 
5 cm was used. All echocardiograms were obtained in a 
standardized manner so that the left ventricular echocardio- 
gram was recorded at the tip of the mitral valve. Measure- 
ments of left ventricular end-diastolic and end-systolic pos- 
terior and septal wall thicknesses as well as the left ventricular 
end-diastolic and end-systolic minor axes were made at this 
site.9 Septal thickness was measured from the right ventricular 


to the left ventricular endocardium and posterior wall thick- ` 


ness from the endocardium to the epicardium. Thick peri- 
cardial echoes were excluded from the measurements. The 
end-diastolic minor axis was measured at the time of the R 
wave of the electrocardiogram. The end-systolic minor axis 
is the minimal minor axis (Fig. 1). 

Measurements: The left ventricular peak systolic pres- 
sure and pressure difference across the aortic valve were 
obtained at cardiac catheterization performed within 24 hours 
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FIGURE 1. Left ventricular echocardiogram obtained at the tip of the 
mitral valve. The arrows in the myocardium Indicate the septal (S) and 
posterior wall (PW) thicknesses at end-diastole and the posterior wall 
thickness at end-systole. Dp = left ventricular end-diastolic minor axis; 
Ds = = left ventricular end-systolic minor axis; LV = left ventricle; RV 
= right ventricle. 


before or after echocardiography. Patients were sedated with 
Innovar® before cardiac catheterization and pressures were 
recorded with fluid-filled catheters and a Statham (P 23 H) 
strain gauge transducer. The heart rates recorded at cardiac 
catheterization and echocardiographic examination were not 
significantly different. In six patients, both the echocardio- 
gram and left ventricular pressure (Millar catheter-tip pres- 
sure transducer) were simultaneously recorded during the 
cardiac catheterization. 

Left ventricular peak systolic circumferential wall stress 
(6) was estimated using the following equation: - 


pW sA ] 
~ be L> A+B) 


where LVP is the left ventricular peak systolic pressure; h, the 
mean of posterior and septal end-diastolic wall thickness at 
the equator; r, the end-diastolic minor semiaxis (half the 
end-diastolic minor.axis). The major semiaxis is assumed to 
be equal to 2r.!° This formula has been derived from the ex- 
pression for wall stress based on a thin-walled homogeneous 
ellipsoidal model with constant wall thickness.” In our study 
the left ventricular peak stress was estimated by using the left 
ventricular peak systolic pressure and the end diastolic h/r 
ratio.!! Because the peak stress occurs early in systole®4 and 
because the h/r ratio at this time is slightly higher than the 
end-diastolic h/r ratio and the left ventricular pressure 
somewhat lower than the peak systolic value,’ our calculated 
peak stress represents a slight overestimation (Fig. 2). 
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FIGURE 2. Caso 18. Temporal relation of the left ventricular (LV) peak 
systolic pressure (closed circlés), circumferential wall stress (open 
circles) and the h/r ratio (ratio of posterior wall thickness and minor 
semiaxis) (open squares) in a patient with mild aortic valve stenosis. 
The léft ventricular peak systollc stress occurs coincident with the 
end-diastolic h/r ratio, before any significant posterior wail thickening 
and in close temporal relation to the left ventricular peak systole 
pressure. 
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“TABLE I. = 
_Echocardiographic and Hemodynamic Measurements and Derived Varlables In 19 Children With Congenital Aortic Stenosis 








= pA LVM ` 
Case Age BSA LVP LV-AO hpw shsw h r hpw h` LV LVM LVV (105 dyne 
no. (yr) (mê) (mmHg) _ (mmHg (cm) (cm) ` (cm) _ (cm) r r (ml) (9) (g/ml) om) 

| 2.3 0.50 125 35 0.8 0.6 0.6 1.4 0.43 0.43 23.0 35.7 . 1.55 3.49 
2 18.0 1.86 130 20 0.8 0.9 0.85 2.3 0.35 0.37 101.9 130.8 1.28 4.20 
3 15.2 .1.40 210 85 1.5 1.6 1.5 2.1. 0.71 0.71 77.6 243.4 3.14 3.56 
4 15.0 1.51 200 ° 80 . 1.1 1.3 1.2 2.2 0.50 0.55 89.2 191.1 2.14 4.41 
45 15.8 1.76 225 125 1.2 1.8 1.5 2.15 0.56 0.70 83.3 252.4 3.03 3.90 
6 13.9 1.60 190 110 1.3 1.3 1.3 2.15 0.60. 0.60 83.3 205.7 2.47 3.79 
7 9.7 1.45 . 135 50. 0.9 09 -0.9 2.1 0.43 0.43 77.6 120.4 155 + 3.77 
8 3.7 0.58 160 70 0.7 0.8 0.75 1.5 0.47 0.50 28.3 §3.8 1.90 3.84 
9 5.0 0.76 125 25 0.8 0.8 0.8 1.85 0.43 0.43 53.0 83.3 1.57 3.46 
10 2.0 0.46 150 50 1.0 0.9 0.95 1.7 0.59 0.56 41.2 91.1 2.21 3.23 
11 2.8 0.55 170 80 0.9 0.9 0.9 1.75 0.51 0.51 44.9 88.8 1.98 3.97 
12 9.2 1.07 135 45 0.8 0.8 0.8 2.0. 0.40 0.40 67.0 95.1 1.42 4.03 
13 10.0 1.02 160 55 1.0 1.1 ` 1.05 2.0 0.50 0.53 67.0 136.2 2.03 . 3.66 
14 15.0 1.75 120 35 0.7 0.9 0.8 2.35 0.30 0.34 108.7 125.9 1.16 4,20 
15 2.3 0.57 110 25 0.6 0.6 0.6 1.45 0.41 0.41 25.5 37.9 1.48 3.18 
16 8.0 0.98 - 125 15 0.9 0.8 0.85 2.15 0.42 0.40 83.3 116.4 1.40 3.78 
17 15.0 1.75 145 : 50 1.1 1.1 1.1 2.3 0.48 0.48 101.9 182.8 1.79 3.64 
18 14.5 1.86. 136 25 1.0 1.2 14 2.45 0.41 0.45 123.2 203.2 1.65 3.60 
19 8.5 1.00 130 35 0.9 0.9 0.9 1.9 0.47 0.47 57.5 101.7 1.77 3.29 


h = mean of yip and septal wall thickness; hpw = left ventricular end-diastolic posterior wall thickness; hsw = end-diastolic septal wall 


left ventricular peak systolic circumferential wall stress. 


’ 


Left ventricular volume and mass were estimated according 
to the method of Troy et al.!2 Mean wall thickness (h) was 
used in the calculation of the mass. 


Results 


The echocardiographic and hemodynamic measure- _ 


ments and derived variables in 19 children with con- 
genital aortic stenosis are presented in Table I. Left 
ventricular peak wall stress for this group varied over 
a narrow range between 3.19 and 4.41 X 105 dynes/cm? 
(mean 3.74 + standard deviation [SD] 0.34). No signif- 
icant correlation was demonstrated between the left 
ventricular peak systolic pressure and the peak stress 


5 


FIGURE 3. Left ventricular peak circumferential 2 
wall stress (ô) calculated for various levels of left 
ventricular peak systolic pressure (LVP) Is shown 
to be within normal limits and Independent of the ` o 
level of left ventricular pressure. - 


systolic pressure difference between the left ventricle and the aorta; LVM = left ventricular mass; LVP = left ventricular 
peak systolic pressure; LVV = left ventricular end-diastolic volume; r = minor semiaxis (half of the measured left ventricular end-diastolic minor 
axis);.6 = 


over a wide range of peak systolic pressures from 110 to 
225 mm Hg (Fig. 3). A linear relation (r 0.78; standard 
error of the estimate [SEE] 0.061) was found between 
the left ventricular peak systolic pressure and the left 
ventricular end-diastolic posterior wall thickness to 
minor semiaxis (h/r) ratio. When, however, an average 
of the posterior wall thickness and septal wall thickness 
(h) was used, there was a significantly improved linear 
correlation (r 0.92; SEE 0.041) between left ventricular 
peak systolic pressure and the h/r ratio (Fig. 4). The left 
ventricular peak systolic pressure also had a signifi- 
cantly linear relation with the left ventricular mass to 





LVP (mm Hg) . 
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10 
F =0.058 +0.00283 LVP 
1=0.92 
SEE20.041 
Lol n=19 


0.5 


2 ` 100 LVP (mm Hg) 


end-diastolic volume (LVM/LVV) ratio (Fig. 5). The 
left ventricular end-diastolic dimension and volume 
increased proportionately with body surface area in our 
patient population!‘ (Fig. 6) and the calculated mean 
left ventricular end-diastolic volume (61.8 + SD 12.9 
ml/m?) was comparable with the normal angiographic 
mean volume for this age group.!4 


Discusslon 


Echocardiographic dimensions for predicting 
left ventricular peak systolic pressure: Our findings 


YM = -0.42 + 0.0151 LVP 


4 r=0.92 
SEE 20.22 
n3l9 





o 100 


LVP (mm Hg) 





200 


FIGURE 4. Relation between echocardiographically 
determined left ventricular end-diastolic h/r ratio (ratio 
of mean of the posterior and septal wall thicknesses 
to minor semlaxls) and left ventricular peak systolic 
pressure (LVP) in 19 children with aortic stenosis. n 


200 = no. of patients; r = correlation coefficient; SEE = 


standard error of the estimate. 


indicate that in children with aortic stenosis left ven- 
tricular peak systolic circumferential wall stress remains 
relatively constant and within the normal limits over a 
broad range of peak systolic pressures. Furthermore, the 
end-diastolic h/r ratio (ratio of mean of septal and 
posterior wall thicknesses and minor semiaxis) and 
LVM/LVV ratio (ratio of left ventricular mass and left 
ventricular end-diastolic volume) have a linear relation 
to the left ventricular peak systolic pressure. Our data 
further quantitate these relations, which Ford® postu- 
lated from the average values of these variables he ob- 


FIGURE 5. Relation between the echocardlographl- 
cally determined left ventricular LVM/LVV ratio (ratio 
of left ventricular mass [LVM] and left ventricular ' 
endlastolic volume) and left ventricular peak systolic 
pressure (LVP) In 19 children with aortic stenosis. 
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. BSA (m?) 
FIGURE 6. Relation of left ventricular end-diastolic minor axis {d) to body 
surface area (BSA) in 19 cases. Note the proportional Increase for our 
patients with aortic stenosis, indicating absence of abnormal left ven- 
tricular dilatation. The solid line is the 50th percentile for normal chli- 
dren. "4 


tained from published reports. We used the end-dia- 
stolic h/r ratio because left ventricular peak wall stress 
occurs early in systole in close temporal relation to the 
left ventricular peak systolic pressure at a point in the 


cardiac cycle when no significant left ventricular wall. 


thickening has occurred and when the h/r ratio is ap- 
proximately equal to the end-diastolic h/r ratio* (Fig. 
2). 

In our study most of the echocardiographic dimen- 
sions were not obtained simultaneously with the in- 
tracardiac pressure measurements but within 24 hours 
of the procedure. Nevertheless the h/r ratios for the 
corresponding left ventricular peak systolic pressures 
in our patients were quite similar to those reported for 
adults by Grossman et al.,4 who recorded simultaneous 
echocardiographic and pressure measurements. Fur- 
thermore, in our study h/r values in six patients with 
simultaneous echocardiographic and pressure data were 
comparable with those obtained in the group with 
nonsimultaneous measurements. 

Our data further indicate that the posterior and 
septal myocardial walls were not always of equal 
thickness at end-diastole. When the mean value of the 
posterior and septal wall thickness (h) was used for the 
b/r ratio in place of the posterior wall thickness (h) for 
the h/r ratio, there was a significantly improved linear 
relation with left ventricular peak systolic pressure (r 
0.92 versus r'0.78). This high degree of correlation was 
also reflected in the relation between the LVM/LVV 
ratio and the left ventricular peak systolic pressure. 
However, the uncommon coexistence of asymmetric 
septal hypertrophy with aortic valve stenosis would 
invalidate this particular correlation. Because peak wall 
stress increases with chamber dilatation, the presence 
of left ventricular failure, infrequent in children with 
isolated congénital aortic valve stenosis but commonly 
present in infants with critical stenosis or in adults, also 
precludes use of this correlation. The h/r ratio is an 
accurate predictor of left ventricular peak systolic 
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FIGURE 7. Predicted (pred.) values for left ventricular peak systolic 
pressure (LVP), obtained using end-systolic posterlor wall thickness 
and cavity dimension according to the method of Bennett et al.,° shows 
wide scatter from the pressures obtained at cardiac catheterization 
(cath.) In our 19 patients. 


pressure for the group of patients with chronically in- 
creased pressure load due to congenital aortic steno- 
sis. 
End-systolic versus end-diastolic dimensions for 
predicting left ventricular peak systolic pressure: 
Recent studies by Bennett et al. and Glanz et al.” have 
reported good correlation between the echocardiogra- 
phically obtained end-systolic left ventricular posterior 


_ wall thickness to minor axis (d) ratio (that is, the h/d 


ratio) and left ventricular peak systolic pressure in 
children with aortic stenosis. Bennett et al.8 found that 
the end-systolic h/d ratio was proportional (with a 
constant of proportionality of 225 mm Hg) to the left 
ventricular peak systolic pressure for normal subjects 
as well as patients with chronically elevated pressure 
load. Thus, by multiplying the h/d ratio with this con- 
stant, left ventricular peak systolic pressure could be 
predicted. They suggested that the constant of pro- ` 
portionality could be regarded as an index of the peak 
systolic wall stress and that the relation with the left 
ventricular peak systolic pressure was similar to that 
derived from the formula for stress evaluation based on 
the law of Laplace. However, Grossman et al.,* in ex- 
amining the time course of changes for left ventricular 
pressure, stress and wall thickness showed that the peak 
systolic stress occurs early in systole before significant 
left ventricular wall thickening occurs. In fact, at end- 
systole the left ventricular stress is much lower than the 
peak stress. Thus, the quantitative relations found by 
Bennett et al.6 from end-systolic measurements are not 
directly based on the law of Laplace. To compare the 


. accuracy of the end-systolic versus end-diastolic di- 
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mension measurements for the prediction of left ven- 
tricular peak systolic pressure we estimated the left 
ventricular peak systolic pressures for our patient 
population using the end-systolic posterior wall thick- 
ness and minor axis according to the method of Bennett 
et al. These predicted pressures (Fig. 7) were less well 
correlated (r 0.74, SEE 25 mm Hg) with the left ven- 
tricular pressures obtained at catheterization than es- 
timations based upon the end-diastolic h/r ratio (r 0.91, 
SEE 13 mm Hg). 

Implications: The simple direct echocardiographic 


measurements of left ventricular end-diastolic posterior 
and septal wall thickness and minor axis used with the 
regression equation, left ventricular pressure (mm Hg) 
= 6 + 298 (h/r) + 13.4, appears to provide a useful 
noninvasive means of assessing left ventricular peak 
systolic pressure in patients with aortic stenosis without 


myocardial decompensation. These assessments could. 


assist significantly in long-term management of such 
patients and in the selection of appropriate patients for 
additional invasive cardiac cagheterizaHion studies or 
surgical therapy. 
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-The application of quantitative morphometric techniques to evaluation of 


the lungs of nine. children.who died with a ventricular septal defect be- 
tween the. ages. of 3 months arid 4 years showed that the presence of 


z pulmonary hypertension Interféres with the growth and- -development of 

‘the pulmonary circulation. In all cases the preacinar arteries were of 
normal. size and not dilated, and arterial size and number within the acinus ` 
were reduced and similar to those seen In the normal child at birth. Arterial 
“and venous muscularity was increased as judged by an Increase In wall 


thickness. and by the presence of muscle In smaller and more peripheral 


-arterles than is normal. Elevation of resistance was associated with failure 


of the Intraacinar pulmonary circulatlon:to develop normally rather than 
to obliterative pulmonary vascular disease. In vlew- of the rapidity with 
which. Impairment of growth and elevation of resistance can develop, 


a closure of a large defect is recommended before age 2 veer’: 


$ Claire of a ventriculat ei defect i in the présence of a high pulmonary 


vascular resistance is associated with a high operative mortality rate.1-3 
Postoperatively resistance remains elevated in many patients? but it 


decreases.to normal more often in infants than in older subjects. A ` 
‘spontaneous decrease in resistance in the presence of a large ventricular 
_ septal defect has-also been reported during infancy and has been ascribed 


to delayed “maturation” of the pulmonary vascular bed.? 
It is generally thought that a high level of resistance in the presence 


-ofa ventricular septal defect is caused by pulmonary vascular disease, 


in which obliterative changes in small pulmonary arteries gradually re- 


- duce the cross-sectional aréa of the pulmonary vascular bed.§ However, 
` during the first year.of life, obliterative changes of the kind seen in the © 


older patient rarely. occur,? suggesting that at this age a different 


. mechanism is résponsible for increased resistance. 


A recent report from this department? © on the structure of the pul- 
monary circulation i in i five infants with. ventricular septal defect identi- 
fied two patterns of response, each characterized by distinct clinical and 


i pathologic findings.’ In the first pattern (Group I) normal postnatal” 
_-regression of arterial muscle permitted a left to right shunt to develop, 


as happens in the majority of patients with ventricular septal defect; in 


: the other, less common pattern (Group IT) pulmonary arterial muscle 


probably | failed to regress normally after birth and pulmonary resistance 


` remained increased, preventing the development of a large pulmonary 


blood flow. This study also suggested that in infants with a ventricular 
septal defect the developmerit of the- pulmonary vasculat bed might be 
structurally impaired... 

The present report describes the aua ape in the lungs of 
10 additional infants and children with either a ventricular septal defect 
.or a persistent atrioventricular (A-V) canal. Eight children were from 


. one clinic, the Deutsches. Herzzentrum München; and represented the 


t 
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‘ TABLE. l 
Hemodynamic Findings | 
z E Ga rag ie Me f Tespoise 
SAN - Age at AI Mia d ieee : Plog 
no. Diagnosis Death , Qp/Qs Rpa Rp/Rs -. E 2100% r 
i VSD ‘:3mo: ‘8.86 -24 -016° NA 
2 *AVC 5 mo 1.36. 11.2 0:7 No change 
3 VSD. 6mo 28 | 36 0.14 NA 
“ 4. VSD’ Tmo ^ 3.84 -26 0.11'NA 
5 AVG 9mo, 41.04 -11.0 08 Rpa= 4.7. 
. 6, VSD 10 mo 15 ° 65 0.43 Rpa = 2.0 
.7 -  *V8D ` {iimo 2.25. 5.2 0:4- .No-change:’ 
-8. VSD ` -3.5yr. -14 105 0.57 Rpa = 1.4 
9° VSD 4yr 3.9 7.2 0.23 :N aie 
10 VSD" Oy"... 2 „s: PAP idm Hg 
2 \® Trisomy 21. l ; 7- 


r Ys 


> AVC = atrioventricular canal; NA = 100 percent oxygen not a 


‘ministered: PAP = pulmonary arterial pressurg; Ploy = inspired oxygen 


‘concentration; Qp/Qs = pulmonary/systemic flow ratio; Rpa = pul- — 


monary arteriolar resistance '(units/m?);, Rp/Rs =pi oa ‘ 


resistance ratio; VSD = = = ventricular Bc tee defect; = decrease. 


ine $ RA ' rides 


consecutive deaths eter operation: for correction of 
- these anomalies: The present series is larger than the ee 
` earlier one and represents.all patients who.died during ` 


` the period. Two further patients were added, one each 
‘from Deutsches Herzzentrum Munchen and‘Brompton 


Hospital, London, England, one of particular interest . ` 


a 


t 


a 


95/5 mm ig, and after this ifivestigation'a sine septal 


defect, was closed and the:band removed from the pulmonary 
artery. Two years. later cardiac catheterization revealéd a. 
second ventricular septal defect and the pulmonary aael 


pressure was again at systemic level. He died without further, i 


treatmėnt at ten years of age. 


. Electrocardiography: Signs of uit ventricular ioe l 


tophy were present in nine children (the exception being the, 
‘youngest child) (Case 1), and five of these. nine had ‘a mean: 
frontal plane QRS axis to the right of average with respect to, 

age:? In the other four children, including the two with an A-V. 


i nal the axis was superior. Signs of left ventricular hyper- : 
‘trophy were found in seyen children, the exceptions being | 
` Cases 4, 9 and 10. 


Hemodynamic and angiographic findings: Pulmonaty, 


, arterial pressure was at systemic level in all but Patient 3 in 


because he was ‘older than most in the series when he’. 


__ closed and he died at age 10 years with pulmonary vas- 
-cular disease. ~ 


Quantitative iomon fechniduies ie been: 


- applied to the injected and ‘inflated lung to determine 


; ‘presented; -and the other because the defect was not ` 


yessel size, number and wall structure, particular at- 


tention being given to the. development of.the pülmó- ` 


.. Patient 6 w. 


whom it was greater than two thirds of the aystemié arterial 
pressure. 8 temic arterial desaturation was present only. in. 

hó had a right’to left shunt at ‘atrial level at cardiac. 
catheterization. At this time the value for oxygen consumption - 
was assumed. In-all but Patients 1 and 4 the pulmonary vas- 


‘cular resistance was increased—in seven to more than five ` ` 


units (Table I). The response of: the pulmonary circulation to . 


_the inhalation of 100 percent oxygen. was assessed just’ before’ - 
death in six patients: pulmonary vascular resistance decreased | 


‘in three and remained “fixed” in three. In Case 10 the lability. 


~of the pulmonary circulation had also been assessed 3 4 years . 
‘before death, and at that time. pulmonary arterial. pressure- 
decreased ‘only 10.mm Hg. In six patients left, ventricular 


cinéangiography demonstrated a subaortic infracristal. yen- 
-tricular.septal defect, and-in Patient 4, right ventricular an- 
gidgraphy also. demonstrated an incompetent tricuspid valve. 


. In‘a further two patients (Cases 2 and: 5) the classic angio- 


a graphic signs.of complete A-V canal were presént. In the two 


- remaining patients.(Cases 9 and 10) a deféct was seen in the ` 


nary. circulation’ within: the acinus, as assessed by.” 2 


‘changes i in arterial size and. multiplication. 


‘Case Material 
- Clinical Features (ees 


Eight children: chad a veuitrigutar: ptal dka and two had 
- a persistent A-V canal. The latter dre included because their 


` “lung structure did not differ from that.geen in the cases‘ of > , 


ventricular septal defect. Patient 1 had ih addition to a ven- . 


tricular septal defect-an aortopulmonary window and Cage 6... 


‘a secundum atrial septal. defect. . wt 
- Hight children were at or below. the 25th céntile for height 


and with one exception all were below the 3rd centile for. 


_ weight, Patient 9 being at.the 10th.centile. The seyen children 
` who were less than 1 year of age (Cases 1 to 7) presented with 
: cardiac failure. They had a hyperactive catdiac impulse and -. 
a pansystolic murmur of maximal intensity at the lower left. 
sternal edge with accentuation of the pulmonary component. . 
` of the second heart sound. Three of these infants alsd Hada an 


- apical. diastolic flow murmur (Cases 1, 6 and. 7): 


Of the three older children one (Case 8) presented ata age3:. l 
` 1/2 years with cardiac failure and one (Case. 9) was found at- 
. ‘routine examination at agè 4 years to have signs-of severe. 


_ pulmonary hypertension. Patient 10 presented with cardiac 


` Hilar’and proximal. pulmonary arteries were dilated in all ` 
_ patients except Patient’ 4 in whom they were obscured by. an - 


muscular séptum. Although in;Case 10 a defect was closed at’ 
age 5 years a-second defect was demonstrated 1 year later— 
‘also i in the muscular septum. = 


Chest Radiography and Pulmonary Angiography a 


Chest radiography: In all patients the ardiothoracic ratio. 
exceeded 60 percent and the heart was considered enlarged. ee 


enlarged heart shadow.. In contrast, mid-lung vessels ¥ were , 
generally either normal or even reduced in size: 
Pulmonary angiography: In seven patients the assess- 


ment of vessel size with angiography ‘agreed with that made , 


from the plain chest radiograph. Inthe remaining three pa: 


‘tients arterial size was underestimated ` on the chest radio- 
graph, i in Patients 1 and 6 the vessels appeared dilated i in the 


angiogram and in Patient 4 were of normal size and not ab-- 


normally small as suggested by the chest radiograph. The” 


mid-zone arteries were-tortuous in five patients. Peripheral ` 


“cut-off” was seen only.in the oldest child. (Case 10). In aught 


children peripheral filling was strikingly | reduced. . 


Necropsy findings: The necropsy ‘reports described a 


. subaortic infracristal ventricular septal defect in-the six:pa-. 


” failure at agè 9 months when a ventricular septal defect was =` 


“diagnosed; the pulmonary arterial pressure, was found to. be . 
`- at systemic level and the pulmonary artery was therefore: 


` banded at this time. At age 5 years the pulmonary arterial , 


pressure was s 62/65 mm Hg and Tight ventricular prenens y was., 
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-tients in whom it was diagnosed at cardiac catheterization; the 
defect ranged in diameter from 1.1 to 1.7 cm. In Patient 4 the _ 


tricuspid valve ring: was dilated and the anterior cusp was-cleft. 
Patients 2 and 5 had complete A-V canal. In Case 2 the atrial 


` ` defect measured 1.15 cm in diameter and'the ventricular: de- 
-fect‘1.5 cm. In Patient 5 the atrial defect measured, 3 choin 


diameter’ and ‘the chordae of the divided anterior common” 
leaflet were attached to the interventricular septum. The two 


remaining patients (Cases 9 and 10) each had two defects i in’ ~ 


the muscular septum, measuring, respectively, 2 and 0. 8 cm 


Neonode ee L 
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in diameter in Patient 9. In’Patient 10, onè defect near the - 


apex of the muscular septum (apparently measuring 1 cm in 


diameter) had been closed, but a second defect Apaid a as. 


“large” was s also present. 


| Methods . 


Preparation of ‘Lung Tissue a a 


Immediately on removal. from the body; the as were 


frozen and then stored at —20° C. They were transported . 
-frozen. The lung was thawed and brought to 37° C beforein- - 
jection so that uniform and.complete filling of the arterial or | 
venous bed was achieved. The vascular structures can’ be” 
satisfactorily- studied although fine cell detail is not’ well 


preserved. 
In Patients 1, 2 and 3 injection was made to the pulmonary 


_ arteries to both lungs and in the other seven only to the right ~- 
pulmonary artery-and the left pulmonary vein. A “Micropa-_ 
que” gelatin suspension at 60° C was- injected at a pressure of 


100 cm water: this injection technique disterids and fills all 


vessels larger than 15 um in diameter. The lungs were then: - 
inflated with a buffered formol saline solution at a pressure `, 
of 45 cm’ of water and allowed to fix. Each lung was radio- . 
graphed and sliced,!+!2 blocks of tissue being selected for - 
. microscopic, examination by a random sampling technique.18 


~. Blocks were. taken from both upper and lower pulmonary 


lobes, in the bigger poene as many as cave blocks eoni each 
lobe. - , 


Quantitative. Maias of Structural Features of Lung . 


From the postmortem artériograms the following features rhe 
can be assessed: hilar and intrapulmonary pattern’ of ` 


branching and density of background haze, which reflects the 


` number of small peripheral-arteries!4; apicocaudal lung length; 


length of posterobasal artery measured along its pathway from 


the hilum to the costophrenic angle, luminal diameter ofthe ` 
' arterial pathway to the posterior basal segment measured at 
the hilum and at 25 percent intervals from the hilum to thes 


pleural surface. 


Microscopically the following features of pennant ar- 
_ terial structure were studiéd.:'! The external diameter of an ` 
“artery is measured by taking the distarice between the external 
elastic laminae across two diameters; wall thickness is mea/.” 
_ sured from external to ixitérnal elastic laminae at the four sites 
where the measured diameters cut the. wall: the mean wall 
thickness i is then calculated. 12 2 From ese measurements, 


the 
2x Wall Thickness . 
. External Diameter 





X 100 =% Wall Thickness * 


The. structure of the arterial wall—-whether PES 
partially muscular. or nonmuscular—is established. The ar-~ 
teries found within a unit area can’ be grouped by size and ` 
structural type, and the.proportion of each structural type. 


within a size group determined and described as a “popula- 


tion.” When a small artery accompaniės/a.small airway it is 


also characterized by reference to the type of airway it ac- 
companies: -Thus the structure of the artery can be. related to 
airway level, and in this way extension of ‘muscle along the 
arterial pathway i is established. The number of arteries and 


alveoli are.counted in the same.area of ‘Tung section and the « 


results expressed as.a ratio to correct, for any-difference in the 


degree of inflation in different lungs. In the two cases where. 
dilatation lesions were seen, these counts were made as far as 
possible in the unaffected regions of the lung. The proportion . 
of lung volume occupied by various structures is established . 


by a microscopic point counting technique.!9 In one instance 
(Case 10) it was not possible to count the arteries or to arar 


‘rately. measure wall thickness because of severe vascular dis- 


~. The respiratory unit of the lung is the acinus and includes 
all lung supplied by a terminal bronchiolus. Preacinar arteries 
‘are those proximal. to-or with the terminal bronchiolus, in- 


- traacinar ‘aré‘those found more distally with respiratory 
.- bronchioli, alveolar ducts orin the alveolar walls: Pre- and 
. intraacinar arteries are analyzed separately. Arterial size is 


thus determined by measurement of luminal diameter of 
‘preacitiar arteries in the postmortem arteriogram and by 
microscopi¢ measurement of the éxternal diameter of in- 
traacinar arteries. Arterial number is indicated by the density 


“of the background haze in the arteriogram and then confirmed 


by counting the number of arteries per unit area of lung and 


- „by calculating the alveolar/arterial ratio. Arterial muscularity 
. is apparent from an increased wall thickness as related to size 


of an artery or the presence of muscle in arteries that are either 


. smaller or in a more peripheral position along the arterial 


pathway than is normal. 
Because the lung is growing rapidly i in the first years of life, 


` the findings for each patient ‘are compared with. those of a 


normal child of the same age.!5 In the present study, all the 
_ children were abnormally small, and'therefore the results were 
also compared with those of lungs of the same length. 


Results . 


Lung size: In six patients lung length was below 
normal for age. The three younger children in this group 


` (Cases 2, 3 and 4) were at or below the third centile for 
height and their’ lung length was considered appropri- 


ate, but in the-three older children (Cases 6, 8 and_.9) 
reduction i in lung length was.greater than expected for 
the reduction in height of the child. In the other four 
cases lung length was normal with TEspEcE to both the 
age and height of the child. 

` Pulmonary vascular. structure: The: architecture 
of the peripheral’ pulmonary circulation was-intact in 


- all but Case 10, the only case in which it was not possible 


to quantify the structural changes microscopically. The 
results in Case 10 are therefore presented separately. 
In the other nine cases (Cases 1 to 9) there were few 
structural changes to indicate the presence of pulmo- 


- nary vascular disease. Even by age.4 years arterial wall 
' “damage” was still mainly limited to medial hypertro- 


phy; that is, only grade 1 pulmonary vascular disease.® 


In three children only (Cases 5, 8 and 9) a few of the 


many arteries examined showed slight intimal thick- 
ening and in two children (Cases 7 and 8) dilatation le- 


` sions (grade 3) were seen, but infrequently. 


In Case 10.the arteriogram and venogram showed that 
the large vessels were present ‘and their branching 


- pattern normal although i in some regions luminal ir- 
_ regularities were seen in the more peripheral vessels and 


filling was patchy: Microscopic examination showed 


‘localized collections of dilated. pulmonary arteries 


-(grade 3).6 In other sections single arteries with thin 
walls seemed more numerous than usual but were dis- 
tributed evenly through the section. In yet other regions 
the striking feature was. complete obliteration of a 


f pulmonary artéry: These'vessels had an intact media 


and were usually. smaller than: would be expected for the 
accompanying bronchus, suggesting that this patchy 
endareritis obliterans was of very oe standing. The 


s 
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TABLE Il 


Summary of Pathologic Findings 


Arteries 
Preacinar 
Lumen size 
- Medial thickness $ 
intraacinar {fail to.develop normally) 
External dlameter : { 
Multiplication - ~ | 
f 
+ 





7 Muscularlty 
- Extension , 
` Veins . - 
Muscularity ~ ian é t 





t= greater than'normal; | = less than normal; += presence of an 


abnormal finding. 


veins usually had an external elastic lamina; that; is, they ` 


were “arterialized. 716 
Table H summarizes the main pathologic findings in 
the other nine cases. In all-cases the arteriogram re- 


vealed a normal branching pattern, as did the voam: 
.in the six cases in which jt was performed. 


Arterial size: The luminal diameter of the pre-acinar 


arteries was generally normal (Fig. 1), confirming the ` 


absence of dilatation revealed in the chest radiograph 
of these patients with a left to right shunt. Within the 


acinus the arteries were abnormally small, being the size -7 


normally seen at birth (Fig.. 2). The only exceptions 
were: (1) preacinar arteries in which luminal diameter 


- was increased (Case 3); (2) arteries in which luminal `’ 
diameter was abnormally small (Case 4); and (3) in- .. 


traacinar véssels, which were of normal size (Case 1): 
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Number of intraacinar arteries: In all nine cases 


‘the postmortem arteriogram showed a ‘less dense 


background haze than normal (Fig. 1), suggesting a re- 
duction in number of intraacinar arteries.!4 This was 
confirmed by finding fewer arteries per unit area of lung 
section than is normal. Because in all cases of ventric- - 
ular septal defect the number of alveoli was within: 


normal limits, the alveolar/arterial ratio was increased.” 
In Case 7 the arterial count was almost normal but this. 
was only because dilatation lesions were present in some - 


of the sections which were doubtless included i in ‘the 
count. 

Asseuawent of. arterial PTNT All nine cases 
showed increased arterial muscularity as judged by'an 


, increase in medial thickness and by extension of muscle, 
` into smaller and more peripheral arteries than i is nor- 


mal. 
` Arteries greater than 250 um in diameter: A eight 


. children (Cases 2 to 9) percent wall thickness was 


greater than normal for age and greater than is seen 
during normal fetal life. The increase in muscularity was 
greater in the two older patients (Cases’8 and 9) than in 
the infants (Fig. 3). In the youngest child (Case 1) the 
increase in wall thickness was least, being greater than 
expected for age but below the normal fetal level. . 

~ Arteries less than’250 um in diameter: In all but the 


youngest child (Case.1), wall thickness was greater than | 


expected for age and in the infant group (Cases 2 to 7) ` 
it was at or in excess of the normal infant level. This 
increase in muscularity i in the small vessels was greater 
in the six infants than in the two older patients—a re- 


FIGURE 1. Postmortem eae] Left, from a9 month old chikd with a yeniricular sapal defect (Case 5); right, from: a Mormia child of the same 


nificatlon X 1, reduced by 30 percent.) 


` age. In Case 5, typical of all cases, the large arteries are of normal size but there is a considerable reduction in density of background haze. (Mag- 
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ee 


1 


. - versal of the onder for vessel larger than 250; um: in di- 

` “ameter. 

~ The percent. medial thiékness i in arteries greater tik ths 
250 am tended to increase as resistance increased, j 
reaching statistical significance in arteries 400 to 500 um `=) 
_ both the noninjected and. injected ‘specimens, muscle 


in diameter (P <0.02),-but in-the smaller vessels’ the! 


` degree of hypertrophy was similar in all cases and did. : l 
- not correlate with resistance. `~ 
` Extension of muscle: Population counts revealed 


- the presence of muscle in smaller arteries than normal,” 


External diameter. (u m) 


2 See So ot 


and. identification of the’structure of arteries accom-. 
panying peripheral airways revealéd considerable ex- 
tension of muscle along arterial pathways (Fig. 4). 

Jn the normal lung at birth few arteries within’ the 
acinus have a muscular coat;-it is during childhood that 
muscle gradually extends along the arterial pathway, 
reaching alveolar wall vessels by adult life.15 By the end 
of the first year of life muscular arteries are normally 


found as far to the periphery as the level of the respi-'. wà 


ratory'bronchiolùs. In our patients with ventricular 


septal defect muscle had reached the arteries atthe end _ 
`. of the alveolar duct except in the youngest child in 
whom it had extended to the level of the respiratory. , 


bronchioli by age 3 months. l 
With respect to age,:the sxtaidion of muscle to ak 


Percentage Wall Thickness 


thaù 250 um in diameter, wall thickness was increased 


in.only three cases.and then slightly—by less than 0.5 
percent. In four’children the veins smaller than 250 um 
in diameter showed - ‘a greater increasé in wall thick- 
ness-—a mean increase of 1.1 percent. In all'10 cases, in 


was seen exténding' into smaller and more peripheral 


“veins than i is normal. 


> ~ 


i j 





veolar duct level was relatively. greater in infants than -` j 


in the older patients, and.in the five youngest infants i 


extension increased progressively with age, 


Vein structure: The wall thickness of the veins was 2 
‘measured in six children (Cases 4 to 9). ‘In veins oe ; 


aeg L] Normal for age i 
me 


* ‘Fixed’ PVR 
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FIGURE 2. The external diameter ot arteries accompanying reepiátory 
bronchioll In the normal Infant at birth and in nine children with a ven- -. 
` “tricular septal defect (VSO), showing growth fallure of the Intraacinar ` 
` arteries. Arteries In patients witha “fixed” ‘pulmonary vascular resis- ” 
-tance (PVR) did not ane ome from those of the romaling a 4 
` tients. 
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FIGURE 3. Percent medial wall thickness, E ater diameter 
showing in'all cases medial hypertrophy and, in infancy, 


_ extension of muscle. Solkd Ine = Cases 2 to 7; dashed line = Cases 
-- ` 8 and 9; dotted Hne = Case 1; icra ara line OSRED 
Sime noone nants: ; 


Baa Terminal ky 
bronchioli --bronchiolus `. : 
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FIGURE 4. Diagram. ERT the extension of muscle in the walls of 
arteries within the acinus. The end of the muscular region Is shown In. 


the normal lung by hatched bars and in the patients with ventricular . 


pagel delset (VSE) by Tack Whea. 1a al polienis wih weird sepini 
intant o 
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Summary of the pathologic findings: Cases 1 to 9: 


. In only three cases lung length was reduced in relation. 


to both the age and the height of the child, but in all nine 
cases reduction in arterial size and number was greater 


_than’ expected for the reduction in lung size. The 


structural changes in the pulmonary circulation were 
similar in all cases. The preacinar arteries had a normal 


luminal diameter and, within the acinus, arterial ex-. 
. ternal diameter was abnormally small. The number of 


intraacinar arteries was reduced; this was suggested by 


‘a reduction in density of the background haze in the 


postmortem arteriogram and confirmed by counting the 


“number of vessels per.unit area of lung. Arterial and 


venous muscularity was increased, as judged by an in- 
crease in percent wall thickness and by extension of 
muscle further along the axial pathway than is normal 


_ for age. 
_ Case 10: Obliterative Siimaa vascular disease had . 
developed in this case. 


‘In all cases the severity of structural change was not 


related to the response of the pulmonary circulation to - 


the inhalation of 100 percent oxygen. >` 
, . Discussion 
This application of quantitative morphometric 


‘ techniques has (1) demonstrated for the first time that . 
` the presence of.a ventricular septal defect in association ` 

. with pulmonary hypertension interferes with the growth 

` and development: of the pulmonary circulation, and (2) 

_identified more precisely the site and severity of in- 
> creased muscularity. 
‘In patients with ventricular septal defect an’increase 


in arterial muscularity associated with pulmonary hy- 
pertension has been reported previously. Dammann and 


Ferencz” reported a reduction in lumen:wall ratio of | 
- individual vessels, and Wagenvoort!” an increase in 


arterial muscle mass per unit area of lung. These reports 


. did not distinguish between the increase in muscle in . 
‘normally muscularized arteries and the appearance of 
_, new muscle cells in peripheral arteries that are normally 
- nonmuscular. With the techniques used here it is pos- 
‘sible to make this distinction and we have shown in this 


a group of cases of ventricular septal defect, fatal in in- 
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` fancy, that à striking change is the presence of muscle ~ 


cells within small normally nonmuscular intraacinar 


_ arteries. Furthermore, in normally muscularized arteries . ' 
. a general thickening of the muscle coat was found that, 


in the older children, was most severe in the larger 
vessels. 

Pathogenesis of increased muscularity of. pul- 
monary arteries: This work:and previous studies®!8.19 
suggest that pulmonary arteries smaller than 250 pm in 


diameter tend to behave differently from those larger 
than 250 um. An increase.in pulmonary arterial pressure’ 


always seems to be associated with an increase in mus- 


cularity of the larger vessels, as.in the present series, 


both in man® and in the experimental animal.!819 In the 


` hypoxic rat muscularity increases most rapidly in the 


arteries larger than 250 um, reaching its maximum 
earlier than’is seen in the smaller vessels.19 This is 


: ‘perhaps not surprising because a vessel that already has 
’ a smooth muscle coat can rapidly ingrease itg wall 


js nn eS 
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thickness by hypertrophy of smooth muscle -cells 
whereas a normally nonmuscular vessel has first to ac- 
quire muscle cells by differentiation of less specialized. 
precursor cells, such as the intermediate cell and the 
pericyte. 20 But this does not explain why, in the present 
series, the intraacinar arteries were not heavily mus- ` 
cularized in the two older children, aged 3 and 4 years, 
respectively. Individual susceptibility, to the develop- 
ment of pulmonary hypertension and to obliterative 
pulmonary vascular disease varies greatly,2! ‘and this 


_ might be related to the greater tendency to muscularize 


the intraacinar arteries in some patients than in others. 
In this series the two children in whom a smaller amount 
of muscle had developed in the intraacinar arteries did 
not present with symptoms until at least 3 to 4. ‘years: -of 
age. 

In the small arteries the pathogenesis of the increased 
muscularity seen in the infants with ventricular septal 
defect is not readily explainéd. The absence of preacinar 
arterial dilatation in these cases suggests that pulmo- 
nary blood flow had never been high and resistance had 
been increased for some time, possibly since birth. ` 
Persistence of a high fetal wall thickness would explain 
both the failure of the resistance to decrease normally 
after birth?? and the severe medial hypertrophy in the 
infant patients in this series.22 However, the rapidity - 


` with which new muscle cells can develop after birth in 
_ the presence of pulmonary hypertension has recently” 


been recognized.24 —. 

When pulmonary hypertension develops at birth as 
in infants with ventricular septal defect and patent 
ductus arteriosus with coarctation of the aorta, imma- 
ture muscle cells can be detected in the intraacinar ar- 
teries as early as the fifth day of life. Thus, i in the present 
series, even if-some ‘of the increase in wall thickness 
could be attributed to persistence of fetal muscularity, 
it most probably developed as a secondary event.in re- - 
sponse to the presence of pulmonary hypertension. 

Pathogenesis of reduced size and number of in- 
traacinar arteries: Although the luminal diameter of 
the preacinar arteries was normal for age.it could be 


- considered reduced if taken in relation to the increase 


in pulmonary blood flow. In the mature rat exposed to 


hypoxia, the luminal diameter of the preacinar arteries -— 


becomes smaller and the reduction in size is associated 
with a rapid increase in collagen both in the adventitia 
and around the muscle cells of the media, a development 
that precedes the hypertrophy of muscle cells.2ë Such 
changės may occur in children with ventricular septal 
defect and, by reducing distensibility, prevent dilatation 
of the large arteries. Within the acinus muscularization - 
of the arteries that are normally thin-walled in the im- 


_ mature lung might reduce distensibility. and thus impair 
normal arterial growth. 


. In all nine cases of ventricular septal .defect the 
atime of intraacinar arteries, even at age 4 years, was 
similar to that seen in the normal child at birth, prob- 
ably because of failure of arterial multiplication to keep 
up with alveolar. A reduction in arterial number in the 
presence of pulmonary hypertension is seen also in the 
adult lung in primary pulmonary hypertension,1* i in 


chronic bronchitis,” in ihe child Tung i in ote fibrosi 
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and also in the experimental animal:1819 In the exper- 


imental studies and probably in the other examples, ` 


with the exception of cystic fibrosis, arterial number is 
ly. 


normally in these children with ventricular septal defect 
is by no means clear. Failure to grow may have been 
caused by the pulmonary arteries remaining abnormally 
thick-walled after birth because, in the experimental 
animal with pulmonary hypertension, muscle hyper- 
trophy precedes the loss of vessels and the degree of 
muscle hypertrophy correlates with the reduction in 
peripheral arterial number and external diameter.’ 
These structural changes can be related to changes in 
resistance. 

Structural arterial change related to pulmonary 
resistance: In the pulmonary circulation resistance 
along an arterial pathway is determined by the internal 


radius of the vessel, as expressed by the Poiseulle tot . 


mula: 
8 L 


R= . 
rP’ 


where L is the length of the pathway, r the fadia of the 
vessel and 7 the viscosity of blood. The preacinar arte- 


ries do not dilate and the luminal diameter of intraaci- 
nar arteries is considerably reduced because the smooth 


muscle cells encroach on the lumen of a vessel that is: 


already abnormally small, findings that suggest. a con- 
siderable resistance to perfusion. Because total pul- 
monary vascular resistance is the sum of all the resis- 
tance pathways in parallel this will tend to increase as 
the number of pathways is reduced. 

In 1958 Heath and Edwards® correlated the severity 
of structural change in the walls of pulmonary arteries 
with the level of pulmonary vascular resistance, but in 
our series resistance was higher than expected from the 
arterial wall damage because the obliterative pulmonary 
vascular disease they described was present in none of 
the children in our series except the one patient who 
died at age 10 years. A high level of resistance did cor- 


relate with the development of a thick muscle coat in. 


arteries larger than 250 um. Medial hypertrophy in 


these vessels may correlate with resistance either be- . ` 


cause such hypertrophy itself causes an increase in re- 
sistance or because it develops in response to the in- 
crease in peripheral resistance of small pulmonary ar- 
teries. The lack of any correlation between the degree 
of medial hypertrophy in small arteries and resistance 
_ might be explained by functional differences in different 
persons, just as adult patients with a similar elevation 


of resistance may differ in their response to hypoxia. . 
It is evident that.in our series of cases of ventricular - - 


septal defect and pulmonary hypertension elevation of 
resistance was associated with failure of the intraacinar 
pulmonary circulation to develop normally rather than 


with obliterative pulmonary vascular disease. However, - 


children with only mild elevation of resistance also 
showed the features of growth failure, having fewer and 
smaller peripheral arteries than normal, as well as an 


increase in arterial Paupetlarity: Children mah a high’ 





due to the loss of vessels that had developed normal- _ 


Why the pulmonary circulation failed to develop 


level of resistance could not be differentiated by a 
greater reduction in arterial size and number, either 
between each other or from patients with little elevation 
of resistance, although they did have a thicker muscle 
coat in arteries larger. than 250 um in diameter. 

The development of pulmonary vascular disease: 
It has previously been assumed that the changes of 
pulmonary vascular disease are a response of an in- 
trinsically normal pulmonary circulation to pulmonary 
hypertension, but our findings suggest that these 
changes would be superimposed on an abnormal cir- 
culation—one that is incompletely ‘developed, with 
fewer and smaller-arteries. These features. probably 
increase velocity of blood through the lung and might 
raise shearing stresses on the intima sufficiently to 
produce endothelial damage”* earlier than would oth- 
erwise occur. 

Clinical implications: In all nine cases of ventricular 
septal defect studied with quantitative techniques the 
pulmonary circulation failed to grow normally. Al- 
though most patients with a ventricular septal defect 
do not present with cardiac failure during early child- 
hood, a significant proportion do” and the cases re- 
ported here are probably typical of this group. Growth 
failure of the pulmonary circulation was surprisingly 
uniform, whether or not resistance was increased. Many 
patients with a ventricular septal defect presentin early 
infancy with increased pulmonary blood flow and de- 


` creased resistance, and in about 29 percent of such pa- 


tients a rapid increase in resistance is said to develop, 


` usually between the first and third years of life,’ 


suggesting that even when impaired development of the 
pulmonary circulation is not manifest initially, it may 
rapidly. become so. It is disquieting that in two of our 
patients whose development appeared to be satisfactory 
until the third year of life, growth failure of the pul- 
monary circulation was as severe as in the younger pa- 
tients with symptoms. - 

A previous report from this department® described 
two groups of patients with ventricular septal defect and 
pulmonary hypertension; in Group I pulmonary arterial 
muscle regressed normally after birth and in Group II 
it did not. Children in the present series might have 
reacted like patients in Group I during the first few 
months of life until the development of the pulmonary 
circulation was so impaired that resistance increased, 
and this is the probable sequence of events because in- 
creased resistance is uncommon during the first’ 6 


months of life.29 Alternately, they may represent a. 


milder form of Group II, the failure of the arteries to 
multiply and grow being at least as important as failure 
of pulmonary arterial muscle to regress normally after 
birth. 

Our study emphasizes the speed with which retarded 
growth of the pulmonary circulation and increased re-., 
sistance-can develop. Unfortunately, clinical selection 


of patients at risk of having these changes is unsatis- 


factory. In our study there was no correlation between 
the response to inhalation of 100 percent oxygen and the 
severity of the structural change. Failure to react was 
found in patients whose arterial wall damage was lim- 


ited to medial hypertrophy. Although after death this . 
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lack of response might be explained by the reduction in 


number and size of the peripheral arteries it may give - 
an erroneous impression of. obliterative pulmonary. 
“vascular disease during life. 

The consistent failure of the intraacinar pulmonary 
circulation to develop normally in our series suggests 
that early closure of a large ventricular septal defect 
should be recommended in children with: pulmonary `- 
hypertension when spontaneous closure is unlikely. In . 
patients with increased resistance two studies have 
shown that after closure of the defect resistance de- 


` creases to normal more frequently in patients operated. . 
upon before age 2. years.3:30 In older patients with an 


‘ , equally -high resistance, this decreased but not to a 


. normal level. In the light of our study these. observations 


suggest that when the ventricular septal defect is closed 
before age 2 years there is sufficient time for the de- 
velopment of the pulmonary circulation to grow at least 


. to the extent that will permit normal function. Whether _ 
the growth of the lung can ever “catch up” and become 


entirely normal is not known. But in patients operated. 


upon after age 2 years, an inappropriate increase in 


` pulmonary arterial pressure on exercise—even in pa- 


tients with a normal resting pressure®!—often suggests 
a permanent reduction i in the capacity of the pulmonary 
circulation. 

In conclusion, a Sani septal defect with pul- 


- monary hypertension is, in early childhood, associated 


with impaired lung growth even if pulmonary vascular 
resistánce is almost normal. An increase in resistance 
at this age is not due to obliterative pulmonary vascular 
disease® ‘and so the absence of such- changes i in a lung 
biopsy specimen is not a reassuring sign unless it can 
also be shown quantitatively that the painona cir- 
conor! is developing normally. 
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The effect of the vasodilator trimazosin versus placebo on-exercise du- 
ration until marked dyspnea was evaluated in a.double blind randomized 
study In 16 patients with chronic teft. ventricular failure despite digitalis 
and diuretic therapy. Trimazosin caused a. reduction in resting systolic 
and diastolic blood pressures and in resting: product of systolic blood 
pressure times heart rate. The Improvement In exercise duration from the 
average of values during the baseline and single blind placebo periods 
was greater after 3 and 6 weeks of trimazosin therapy (300 and 450 mg 
daily) after 3 and 6 weeks of double blind placebo therapy (P <0.025). 
Four of elght patients récelving trimazosin had disappearance of pulmo- 
nary venous congestion on chest roentgenography compared with none 
of elght patients recelving placebo. These preliminary data suggest that 
trimazosin may be effective In treating chronic left ventricular failure. 


ATENA studies have demonstrated that vasodilator therapy is 
efficacious in treating acute and chronic congestive heart failure!~?! al- 
though to our knowledge the effect of vasodilator therapy on exercise 
performance in patients with chronic heart failure has not been re- 
ported. 

Trimazosin, 2- hydrory 2- ‘methyipronl 4-(4-amino-6,7,8-trime- 
thoxy-2- quinazolinyl)- 1-piperazinecarboxylate monohydrochloride 
monohydrate, is a new experimental vasodilator drug that has been 


‘shown to be an effective antihypertensive agent. Initial studies?223 in- 


dicated that trimazosin acts by direct arteriolar dilatation with little 
effect on venous capacitance vessels or om adrenergic neural function. 


A recent hemodynamic study”! on trimazosin in patients with heart 


failure demonstrates that trimazosin also. has chnleay signiicane 


. venodilatory effects. 


We evaluated in a double blind randomized study the effect of tri- 
mazosin versus placebo on exercise performance in 16 patients with 


-chronic left-sided congestive heart’ failure despite digitalis and isee 
: therapy: 


Methods 
Subjects: Sixteen men between 41 and 66 years of agé with chronic left-sided 


G 


congestive heart failure were subjects. Twelve patients had coronary heart dis- 


ease with an old healed myocardial infarction; in 11 of these, the clinical diagnosis 


_ was confirmed with cardiac catheterization and coronary angiography, which 


demonstrated significant multivessel coronary disease and poor left ventricular 
function. In the one patient with coronary heart disease who did not have cardiac 
catheterization, the diagnosis of coronary heart disease was established by a 
previous transmural myocardial infarction documented with the clinical history 
and electrocardiographic and enzymatic abnormalities. Three patients had id- 
iopathic congestive cardiomyopathy. These three patients all had normal cor- 
onary angiograms and diffusely impaired left ventricular contractility. One 
patient with the clinical features of congestive cardiomyopathy did not have 
cardiac catheterization. ‘This patient was diagnosed as having alcoholic cardio- 
myopathy on ne basis of a history of very heavy chronic ethanol abuse. The 
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TABLE l 





‘Exercise Duration In the Basiline and Singls and, Doubla Blind Placebo Perlods 


te 
$ 





Double Bilnd Placebo Exercise‘ Times as 
3 Weeks -8 Weeks ~ 














Baseline and Single Blind Placebo: 
: - Exercise Times (sec) . f . Change a 
ae ere ; ah > From” ete From 
Case +s c.g Uf “Ak a ‘Average of Time a Time . oo: 
no. -. Baseline: + Placebo - : | and Il . (sec) (%) (sec). (%0. 
1 <:> 506 < 480°. 5” ` 493., 465. -6:-. A474: +s Al, 
fe ee 3 450 `~ 460 w 455 * 520 +14 ` 580 . +27 
“gt 1+) 310 325 3175 | 355 +12. 325 +2 
4¢° 155 : ae 205 180. ° 229 ` +27 242° +34 . 
5t. e 498. > 7n 2146 207. 227 +10 221 RT? 
et ` - 205 ge TR QIB ot 211.5 - 224 +6 1 - 187 —12 
is 7t A gn A94 oats - 203. 198.5. 215 -+8 224. A +137 
PIR: AS: 188 ` 200 ` 194 . 209 +8. 237" +22- 
Mean - _, 276.8" in i 288.4 282.1 < 305.5 +9.9 311.3. +11.1 
+1 SD 133.4 119.4. t 126.1 128.4 9.2 - 141.6 - 18.9: 
pa Had idiopathic: eee eu: ose 4 we % i 
t Had coronary. heart disease: .. St 


`< + Had alcoholic cardiomyopathy: 


= SDS standard: deviation. 


r etiologic derai for each patient is listed i in Tables I and 
LIL 


All 16 pationts had adsa on Shiai Beamon = 


and on chest roentgenography, a left ventricular third heart 
sound heard with. auscultation and evidence of pulmonary ; 


venous congestion in the chest roentgenogram. ‘Their baseline P 


standing blood’ pressures ranged: from’ 114 to “150 mm Hg 
systolic and 72 to 100 mm Hg diastolic. : 
. The patients had received digitalis. and diuretic’ drug 


‘therapy: for 6't0.48 months. Their dose of these agents was not. - 


changed: during this study: Except for potassium. chloride, nq 


other medications were taken by any of the 16 patients during 

this study. All patients.signed informed consent forms. `.“ 
Protocol: After baseline measurements, all 16 patients _ 

received one capsule of. single blind placebo three times daily .. 


-for 2 weeks. The patients then received. in'a double blind © 


-placebo ‘and trimazosin capsules were identical in appearance. _. 


randomized stüdy trimazosin or placebo for 6. weeks. The 


Eight patients received one placebo capsule three times daily. . 
for weeks 1 and 2, two placebo capsules three times daily for 
weeks 3 and 4-and three placebo capsules three times daily for 


weeks 5 and 6 of the double blind ody: period, Seven patiente 


STABLES O p ae A 
Exercise Duration In the Baseline, Single Blind Placebo and Double Blind Trimazosin Periods 


A pecaived one 50 mg ‘trithazosin’ capsule see times ; daily for 
weeks 1 and 2, two 50 mg trimazosin capsules three times daily: ` 
‘for weeks 3. and 4 and three 50 mg trimgzosin capsules. three 
. times daily for weeks 5:and 6 of the double blind study period. 
` Ohe patient (Patient 5 receiving trimazosin) received one 50 |. 
_mg trimazosin capsule three times daily for'32 days. His dose. > 
_of trimazosin was not increased after 2 weeks of this regimen À 
‘because, his standing systolic blood pressure was: 104/70 imm 
Hg. = 
The patients were seen by one of us, questioned Torsymp-. nae 
_ . toms with a standardized questionnaire and given a physical: - 
_ „eyamination in the baseline period, at the end of 2 weeks of 


the single. blind placebo regimen, and at-the end of weeks 1, 


dard 12 lead electrocardiogram and posterdanterior and lat- 
eral chest roentgenograms were takén in the baseline period, 


at thë end of 2 weeks'of the'single blind placebo study, and at 


the end of 3 weeks arid 6 weeks on the, double’ blind medication 
regimen: ` X 
Exercise testing: Two pa treadin fests were per- 


` formed by’all patients before the baseline period: The patients - 


periood a ues uninteeenpted treadmill exercise. test, 











` Double Blind Trimazosin Exercise Times j 











sw a ‘Baséllnd and Single Blind Placebo ___- 3 Weeks* . ti -6 Weeks! 
Sa -Exercise T mes (sec) : 3 , a . Change `. ii =. ‘Change 
Ra pie eS i N, / From. x T ay 
Case l Io > ‘Average ‘of Time “AW ~ Time.. I. 
. no.. ' Baseline + Placebo land II (sec) (%) (sec) (%) 
tt 160 ‘ 240". 200 180. —10 ` 232: +16. 
at 206 > 201- ` 203.5 2 428 . +110 295 +45.: 
~ gt z 340 . 392° 366 398 ° +9 _ 406 +11 
4t . 195 472 183.5 280 - +52 ` 435. +136 
51 _ 175 195 +485 298 - +81- el ah, 
6t ‘296 270 . "283° 389. +37 627 +122 
7t 356- 393 ! 374.5 476 . +27 527 “+41 
at 244° 253 248.5 322 - +29 363 +46. 
. Mean 246.5 , 284.5 255.5 346.4. +39.4 412.1 +59.6 
. +1 SD -75.7 85.3 78.5 - 94.8 ‘36.3 134.5 49.6 





_* Trimazosin 300 mg dally, except 150 mg dally for, Patient 5. 
t Trimazosin 450 mg dally. 

t Had coronary heart diseaŝe. 2 -o To om t 

SD = standard deviation. nee : : : 
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approximately 2 hours after their morning dose of medication - 
after 2 weeks of the single blind placebo study and after 3and ` 
6 weeks of the double blind medication study. The patients, -. 
exercised at a treadmill speed of 1.7 miles/hour and a treadmill-. 
grade of 0 percent for the first'3 minutes, a treadmill speed of. . : 


1.7 miles/hour and a treadmill grade of 10 percent for thé’next 
3, minutes, at a treadmill speed: of. 2.5 miles/hour and a 
treadmill grade of 12 percent forthe third 3'minute period and 


. then at'a treadmill speed of 3:4 miles/hour and a treadmill 


grade of 14 percent. . 
The patients were monitored with telemetry with sida 


taneous leads II and Vs throughout exercise. Simultaneous - 
leads II and Vs and blood pressures were recorded with the: | 
patients in the sitting and standing positions immediately. . 


before exercise, with the patients in the standing position at 


the end of each completed stage of exercise and at the end of 
exercise and with the patients in the sitting and standing- 


positions every 1 minute for at least 5 minutes after the end: 


_ of exercise. Blood pressures were recorded with a mercury | 
- sphygmomanometer. The heart rates were measured from the ` 

electrocardiographic recordings. The chest roentgenograms’ 

and electrocardiograms wete coded and interpreted in a blind ` 


fashion-at-the end of the study. 


Statistical analysis: The data listed in Tables I to IV: were l 


analyzed using Student’s t test for independent means. 


E Fisher’s exact test was used to analyze the data on improve- 
_ ment of symptoms and the data on changes in roentgeno-, 


graphie evidence of pulmonary venous congestion. a 


4 


TABLE vi 


Average of: , 7 i ago (LY R . 4 

= Baseline and — a. : : 

_ Siñgle Blind ___.: Double Blind Placebo Periods j 

v Placebo Periods ~ 3 Weeks 6 Weeks ‘ 

: > : - ; 

Resting heart. rate (beats/min) - ; 89.8. + 8. 7 i eN , 87. 4+ 10.5 87.6 + 10.5 5 
Resting systolic blood pressure (mm Hg) . 123.44 10.3 ` - 123.8 +-11.0 120.8 + 7:8 z 
Resting diastolic blood pressure (mm Hg) - 83.6 + 8.2 83.5 + 7.4 82.0 + 5.2 : 
Resting systolic pressure times heart rate/ 100 , 110.5 + 12.5 108.2 + 17.2 . 105.4 + 11.0 J 
Exercise heart rate.(beats/min) - 155.1 + 25.8. ' 157.4 + 26.0° 157.1 $°25.5 a 
' Exercise systollc blood pressure (mm Hg) -155.4 + 44.3, 156.3 + 13.2 ~ 154.0 + 13.1, 
Exércise diastolic blood pressure (mm Hg) # 89.1 £7.3 89.3 +86.2. © .90.0 + 7.3 ' 
Exercise systollc pressure times heart rate/ 100 229.6 + 69:6 ° - 233.7-+ 67.8 228,9 + 66.0. | 
Maximal S-T depression. below om level (mm) 1.62 + 0.57 1.69 + 0.59 -1.78 + 0.59 i 
Cardiothoracic ratio , 0.561 +.0.021 0.560 + 0.027 0.561 + 0.027 : 
MON ee ee ` E j 
until the onset of marked dyspnea in the baséline period, and Results - i 


Pill counts revealed that all 16 patients had taken ~ 
their medication as prescribed. No adyerse effects at- à 
tributed to medication occurred during the study. The ` 
mean body weight at the end of the double blind tri- | 

. : mazosin period was 1.3 Ib (0.585 kg).less than the mean 
body weight at the end of the single blind placebo pe- 
riod. The mean body weight at the end of the double — 
blind placebo period was 0.8 lb (0.36 kg) greater than the | 
“mean body weight at the end of the single blind placebo — 
’. period. These changes'in mean body weight were not , 

- _ significantly different. . ~ , 
Fifteen patients completed the study. One patient | 

(Patient 5 receiving trimazosin) had at rest an acute 

-myocardial infarċtion with ventricular fibrillation on + 

the'32nd day of trimazosin therapy. He was successfully | 
resuscitated but died of pump failure at a community 

“hospital 2 days later: When last seen by one of us 4days — ! 

‘ before thé myocardial infarction, he was in clinically ` 

improved condition with trimazosin therapy and had 

a blood pressure of 106/70 mm Hg in the supine position 

~ and 104/70 in the standing positian. 

__.. ‘Exercise duration: Table I indicates foreach patient — 

` _ randomized to the placebo group the duration ofexer- 
cise until the point of: marked ` dyspnea. during the 
baseline period, after 2 weeks of the single blind placebo 


Hemodynamic Values, $-T Segment Doprossion and Cardiothoracic Ratio During Baseline Plus Single Blind Placebo Periods 
and During Trimazosin Periods (mean + 1 standard LEMo) f , 7 d 

















Average of : ; 
Baseline and . E oe 
- Single Blind 2 Trimazosin Perlod 
i - — _ Placebo Periods 9 :3 Weeks ~- Weeks 
. Resting heart rate {beats/min);- 91.54 9:9. : 86.3 + 9.8 - 86.5 7.2 
Resting systolic blood pressure (mm Hg) 129548.2 - 116.0 + 9.1 112.0 + 8.0 
Resting diastolic blood pressure (mm Hg) a 80.4433 v -74.3 + 4.9 ' 72.5 + 5.2, 
Resting systolic pressure times heart rate/100 119.7 + 11.1 100.0 + 13.5 96.9 + 10.1 : 
-Exercise heart.rate (beats/min) ` ; . 149.5 + 25.5. 149.3 + 25.3 151.0 + 26.0 ; 
Exercise systolic blood pressure (mm Hg) 154.9 + 15.6 . z 156.5 + 17.3 154.3 + 15.4 ; 
Exercise dlastolic blood pressure (mm Hg), ; . 88.2 + 8.3 .84.8 8.4 — ' 80.5 + 81 
Exercise systolic pressure times heart ate 100°" | > 234.0 + 58.6 | 236.4 +.60.7° ’ 235.4 + 60.4 
Maximal S-T depression below resting level ae “1.28 + 0.45 1.31.4 0.35 1.31 + 0.35 
Cardiothoracic ratio . .0.564 + 0.026 0.559 + 0.032 0.556 + 0.034 
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study and after 3 and 6 weeks of the double blind pla- 
cebo study. Table II shows for each patient randomized 
to the trimazosin group the same exercise data during 


the baseline period, after 2 weeks of the single blind 


placebo study and after 3 and 6 weeks of trimazosin 
therapy. Improvement i in exercise duration was signif- 


` icantly (P <0.025) greater after 3 weeks of trimazosin 


therapy than after 3 weeks of double blind’ placebo ad- 
ministration when values during these periods were 
compared with the average values of the respective 
baseline plus single blind placebo periods. Similarly, the 
improvement in exercise duration was significantly (P 
<0.025) greater after 6 weeks of trimazosin therapy than 
after 6 weeks of double blind placebo administration . 
when these values were compared with those of the re- 
spective baseline plus single blind placebo periods. - 
Heart rate, blood pressure, ‘S-T depression and 


` ` heart size: Table III indicates the values-at rest and at 
_ the end of exercise for mean heart rate, systolic and 


diastolic blood pressures and product of systolic blood 
pressure times heart rate, the mean maximal amount 
of exercise-induced S-T segment depression below the 
resting level.and the mean cardiothoracic ratio during 
an average of the baseline plus single blind placebo 
periods and after 3 and 6 weeks of double blind placebo 
administration. Table IV. shows the same data for the 
baseline plus:single blind placebo. periods and after 3 
and 6 weeks of trimazosin therapy. 

Comparison of the change from the average values of 


- the baseline plus single blind placebo periods to the 


values at 3 weeks and 6 weeks of trimazosin therapy 
with the change after 3 and 6 weeks of double blind 
placebo administration revealed only the following ` 
significant differences: Values for resting systolic blood ` 
pressure (P <0.001), resting diastolic blood į pressure (P 
<0.025) and resting product of systolic blood pressure ° 
times heart rate (P <0.005) were significantly lower 
after 3 weeks of trimazosin therapy than after 3 weeks 


. of double blind placebo administration. Resting systolic 


t 


Poa ees Ce 


blood pressure (P <0.005), ‘resting diastolic blood 
pressure (P <0.005), resting product of systolic blood 
pressure times heart rate (P <0.01) and diastolic blood 
pressure at the end of exercise (P <0.005) were also 
significantly lower after 6 ‘weeks of trimazosin therapy 
than after 6 weeks of double blind placebo adminis- 
tration. 

Pulmonary venous congestion: Six of the eight 
patients randomized to the trimazosin group had good 
or excellent relief of symptoms compared with one of 


. the eight patients: randomized to the placebo group (P 


= 0.020). Four of the eight patients receiving trimazosin 
had roentgenographic evidence of disappearance of 


‘pulmonary venous congestion compared with none of 


eight patients receiving placebo (P =-0.038). Four of the 
seven surviving patients given trimazosin had roent- 
genographic evidence of disappearance of pulmonary 
venous congestion. 


Discusslon 


` The aale of our double blind randomized study in 
patients with chronic left-sided congestive heart failure 
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despite digitalis and diuretic therapy show that trima- 
zosin was more effective than placebo in reducing 
resting systolic and diastolic blood . pressures and 
product of systolic blood pressure times heart rate and 
exercise diastolic blood pressure, in alleviating clinical 


symptoms, in decreasing roentgenographic evidence of 


pulmonary venous congestion and in improving exercise 
tolerance until marked dyspnea. Moreover, the patients 
tolerated trimazosin without occurrence of any side 
effects. 

Hemodynamic stiidies have demonstrated the value 
of nitroprusside,!* nitrates, 36-14 hydralazine,!5-17 
phentolamine?!8~20 and trimazosin?! j in the treatment 
of congestive heart failure. Although the short-term 


- benefits of vasodilating drugs in patients with left 


ventricular failure are now well documented, informa- 
tion regarding their long-term efficacy in ambulatory 
patients is more limited. To our knowledge, this is the 
first demonstration of improved exercise capacity from 
vasodilator therapy in me treatment of chronic left 
ventricular failure: 

Trimazosin versus ee vasodilators in treat- 
ment of chronic left heart failure: Although con- 
clusions must be tentative because of limited experience 
with trimazosin, trimazosin has many properties to 
recommend its use in the long-term treatment of left 
ventricular failure. Trimazosin has been shown to re- 


~ duce both systemic and pulmonary vascular resistances” 


with a resultant increase in cardiac output and reduc- 


- tion in both left and right heart filling pressures. al 


Previous-studies223 of trimazosin in the treatment. of 


_ hypertension. have demonstrated only a minimal ac- 


celeration of heart rate in doses effective in reducing 
blood pressure. This is in contrast to the undesirable 
cardiac acceleration seen with the use of other vasodi- 
lators that produce prominent arterial dilatation, such 
as hydralazine*and phentolamine. Furthermore, tri- 
mazosin has not caused fluid retention. 

Hydralazine has. been shown to be effective in the 


- chronic treatment-of left ventricular failure, primarily 


resulting i in an increase in cardiac output. 16 However, 

in addition to its propensity to cause tachycardia, hy- 
dralazine is known to cause a systemic lupus erythem- 
atosus syndrome when. given in the doses used to treat 
heart failure. = . 

Various nitrate preparations (sublingually and orally 
administered isosorbide dinitrate and nitroglycerin 
ointment) may also have merit for the long-term 
treatment of heart failure. Nitrates are effective in re- 
ducing filling pressures and thus alleviating pulmonary 
congestion hut are less effective in increasing cardiac 
output. Furthermore, the questions of tolerance or de- 
pendence. developing with the long-term use of nitrates 
in the treatment of heart failure have not been com- 
pletely resolved. 

Implications: Any conclusions regarding the efficacy 
of trimazosin for treating chronic left ventricular failure 
must be tentative in view of the small number of pa- 
tients studied thus far. Further data are necessary to 

-define the role of the various vasodilating drugs in 


_ i treating this condition. In particular, double blind he- 
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modynamic and exercise crossover studies need to be ` 
performed to compare the relative efficacy and side 


effects of these agents. 


10. 


11. 
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Hemodynamic Advantage of Combined ‘Administration of eS 
: Hydralazine Orally. and Nitrates Nonparenterally i inthe ~ on T 
‘Vasodilator Therapy, of Chronic Heart Failure < A T E 


X 


“Patients with s severe lett enei fallure generally have both: reduced 


cardiac output and Increased pulmonary and systemic venous pressures. E 


` A study was therefore. made of the use of combined vasodilator therapy 


cs $ with nonparenterally administered nitrates, which act primarily on venous _ 
» Capacitance vessels and thus reduce:preload, and orally administered. - 
__hydralazine, which acts on arterlolar resistance vessels and thus reduces 


“afterload. Twelve patlents with chronic: refractory heart fallure - were. given 


- these drugs Individually and In combination during continuous hemody- 


+ namic monitoring. Heart rate and arterlal pressure. did not. change sig- 
nificantly. ‘Nitrates significantly reduced filling pressures of both. ventricles 


host 





OSS, 275.025 


“without affecting cardiac: Index. Hydralazine did not, alter filling pressures” a 
but dramatically Increased: cardiac Index. The hemodynamic effects of - 


‘each drug were additive during combined therapy, resulting In'a 36 percent 


: _ (28 to.18 mm Hg) mean decrease In left ventricular filling pressure and . a 
: . a 58 percent:(2.1 to 3.3 Iiters/min per m?) mean Increase in cardiac index. 


` The seven patients, who have continued to recelve combined therapy for . ; oe 


3 to 10 months haya shown sustained clinical improvement 


Patients’ with severe left ‘ventriculér- failure ene have adod i 
2 cardiac output and increased pulmonary and systemic venous pressures. og 
> Vasodilating drugs with a predominant effect on the venous capacitance. . ; 
t vessels should decrease both right dnd left ventricular filling pressures. 


Those drugs with a predominant effect on the arteriolar resistance bed 


. intravenously administered sodium: nitroprusside, nitroglycerin: or 


` phentolamine have demonstrated reductions i in pulmonary ‘and systemic 
- venous pressures and concomitant improvement i in pump function in ` 


' patients with acute myocardial infarction?="° or chronic heart failure.1-15 
Prolonged. intravenous therapy in patients with chronic heart failure 


is not feasible, and therefore the use of nonparenterally. administered . |. 
_ nitrates,1416-25 phenoxybenzamine*t and oral agents that reduce arte- 
` riolar tone; such as hydralazine?” 27 and minoxidil, 28 ‘have been: investi- 


ary in these patients. 


-Sublingually or topically administered aroye and sublingually l 


` may be. expected to reduce impedance to left ventricular outflow, thereby cae a 


` causing an increase in cardiac output.!- Indeed, numerous studies. using 


or orally. administered’ isosorbide dinitrate appear to. have their pre- . a 


‘dominant effect on.venous capacitance vessels!618,19,29, 30 and a lesser 
effect on the resistance vessels. 192930.This results in a greater reduction 
- “in left ventricular preload than afterload in- patients. with heart failure, 


usually producing a significant reduction. of left ventricular filling.: 


` pressure with a variable effect on peripheral resistance and cardiac 


' output. 16-25 On the other hand, vasodilating drugs that predominantly 


‘affect the resistance vessels and pain ae afterload have a Se 


me ao ‘mat 
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VASODILATOR. THERAPY OF CHRONIC HEART FAILURE—-MASSIE ET AL. 














TABLE | f 
Clinical Information In 12 Cases 
Case Age (yr) Etiology Duratlon Diuretic NYHA 
no. & Sex of CHF of CHF Agents (mg)* Class Comment 
1 . 66M RHD 4yr Furosemide 320, IV Pacemaker, MVR 
. E i trlamterene 100 
2 41M Cardlomyopathy 6 yr ee Furosemide 360, IV , 
: `. splronolactone 100 
3 58F RHD 2yr’ Furosemide 160, H MVR, AVR, AF 
3 . splronolactone 100 f 
4 64M Cardiomyopathy 3yr Furosemide 80 i IV COPD 
5 48M Cardiomyopathy 15 yr Furosemide 240, IV AF, MR, TR 
spironolactone 100 
8 53F Cardiomyopathy 7yr . Furosemide 240 IV AF, MR 
7 65M CAD 3 yr Furosemide 200 IV MR 
8 55F Hypertension 7 yr Furosemide 640 IV 
9 61F CAD 8 mo Furosemide 160 IV 
10 66M CAD 4yr Furosemide 80 IV MR 
11 24F Cardiomyopathy 6 mo il 
12 52M CAD 2yr 


* All patlents were also recelving digoxin. 


Furosemide 200, ; dV MR 
spironolactone 100 .- : 





AF = atrlal fibrillation; AVR = aortic valve replacement; CAD = coronary artery disease; CHF = congestive heart fallure; COPD = chronic ob- 
structive pulmonary disease; MR = mitral regurgitation: MVR = mitral valve replacement; NYHA = New York Heart Association; RHD = rheumatic 


heart disease; TR = tricuspid regurgitation. 


potential for increasing cardiac output. Hydralazine and 
minoxidil åre two agents that have a direct relaxant 
effect on arteriolar smooth muscle and thereby cause 
a marked reduction of systemic vascular resistance with 
little effect on venous capacitance.314 Early acute 
hemodynamic studies in patients with and without 
heart failure?! 33.55 and our recent clinical studies util- 
izing orally administered hydralazine and minoxidil in 
the treatment of chronic heart failure*®?8 demonstrate 
that dramatic increases in cardiac output without sig- 
nificant changes in left ventricular filling pressure can 
be produced by these agents. 

Because most patients with left ventricular failure 
manifest both elevated filling pressures and inadequate 
cardiac output, optimal vasodilator therapy should 
utilize agents that affect both the venous and arteriolar 
beds. This study was undertaken (1) to measure the 
individual hemodynamic effects of two vasodilating 
drugs, the nonparenterally administered nitrates and 
orally administered hydralazine, with relatively selec- 
tive action on capacitance or resistance vessels, and (2) 
to assess the hemodynamic and clinical results of this 
combined therapy. 


Methods 


Patient population: Twelve patients with severe chronic 
heart failure of 6 months’ to 15 years’ (mean 4.5 years’) du- 
ration were studied after providing informed consent. Ten 
were in New York Heart Association®® functional class IV and 
two in class III despite optimal conventional therapy. Clinical 
and diagnostic information concerning these patients is 
summarized in Table L Five were women and seven were men; 
the age range was 24 to 66 years (mean 54.4). The underlying 
heart disease was idiopathic congestive cardiomyopathy in 
five, ischemic cardiomyopathy in four, hypertensive heart 
disease in one and persistent heart failure after successful 
valve replacement in two patients with rheumatic heart dis- 
ease. Seven patients had undergone cardiac catheterization 
to establish their diagnosis and to rule out surgically re- 
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mediable disease. All patients were receiving therapeutic doses 
of digoxin, and 11 were taking orally administered furosemide 
in doses of 80 to 640 mg daily. Five patients were also receiving 
spironolactone or triamterene, and four were taking antiar- 
rhythmic medications. Three patients had atrial fibrillation 
with a ventricular rate of 70 to 100 beats/min, and the re- 
mainder had sinus rhythm. All patients had physical signs of 
biventricular- failure, pulmonary hypertension and cardio- 
megaly. Five patients had signs of mild or moderate mitral 
regurgitation. All had radiographic evidence of cardiomegaly 
and pulmonary venous congestion. 

Hemodynamic measurements: Right atrial (RA), pul- 
monary arterial (PA) and pulmonary capillary wedge (PCW) 
pressures were measured through a balloon-tipped triple 
lumen catheter. Cardiac output (CO) measurements, per- 
formed in triplicate with the thermodilution technique using 
the same catheter, exhibited less than-10 percent variation.7 
Cardiac output was determined with a bedside computer 
(Santa Barbara Technology, Inc., model 1700). Arterial blood 
pressure (AP) was measured from cuff readings and the mean 
arterial pressure (AP) was estimated from the formula AP = 
D + (S-D)/3, where S is the peak systolic and D the di- 
astolic pressure. Mean systolic arterial pressure ( ) was 
estimated from the formula SAP = S — (S-D)/8. Derived he- 
modynamic variables were computed as follows: 


Cardiac index (CI) = CO/body surface area 
(BSA) (liters/min per m?) 
Stroke volume index (SVI) = SV/BSA (ml/m?) 


Stroke work index (SWI) = SVI x (GAP — PGW) 
X 0.0136 (g-m/m?) 
Systemic vascular resistance (SVR) 
= 80 (AP — RA)/CO (dynes-sec-cm~5) 
Palmas vascular resistance (PVR) 
= 80 (PA — PGW)/CO (dynes-sec-cm~5) 


Hemodynamic evaluation of vasodilator therapy: All 
patients continued their previous therapeutic regimens during 
the period of hemodynamic evaluation, except that diuretic 
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“TABLE 1. 
* Heniodynaml Results o of individual Wea: Combined Vasodilator’ “Therapy 
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. Cases (no eh Se ee te: tones 8 Wes nie 
Heart rate ( beats/min) -° 05 4,- : 805 -74£5.>`., 845 . 855. 
` Mean iai prodere Domp] r ' 8744." 8446... - 83-37.. 8544 ` 
- Mean right atrial’ pressure (mm Hg) $ Sne? t ape aes 3 ue ae : ee 
` Mean.pulmonary. essure (mm re ; 4 WEI O 3943 /. 3243... 
" Mean pulmonary capli Ft rote eH) © œœ.. 281.: i171 252 `, -18+ 1t 
_ Cardiac index (liters/min/m?) ` no ti 210.1 2140.1. 3.2 0.3t. . 3.3 Ł0.3t , 
$ ‘Stroke-volumé index (ml/m?) 5 = T R E T ~ 28 E2 w 89437. 39 + 3t ! 
Stroke work index 2542 C 283 « 3848T..° 5° 4243T 
_ Systemic vascular resistance (éipés 82c cm} 1690 + 160 ` 1710 + 160 1030 + 1107. 41104 110? i 
Putmonery vascular reetstance (res toe cm. J. 3 310 EB - 300460. - . 170440“ 200 + 40t - 
` `+ Change. from, control Saar Pe <0. 01. level.. i ; : 
a E tok suas <0.001 ; 


r vaiki were Gans withheld or ganciniaa at thea same er 
‘smaller dose, appropriate to. the patients’. fluid status. All’ 
hemodynamic measurements utilized to évaluate the response © 
- to vasodilators were taken a minimum of 4 hours after. the last “ 2 

- administration of diuretic drugs.. s . 
. After baseline. hemodynamic measurements’ ‘were obtained, ae 
-` the eight patients given nitrates alone were ‘initially treated ` 


with ‘nonparenterally administered nitrates. Isosorbide di- a S 


“nitrate (5 mg sublingually) was first administered, and then‘, ` 

ther agent, route of administration and dose of nitrate therapy ` 
‘that ‘produced the optimal hemodynamic effect with least side’ 

“effects was determined. The-other agents were orally admin- i 


“troglycerin. ; oe 

‘Four patients first received. hitiralazing orally, and seven; «. 
of the remaining eight began oral hydralazine therapy at least « 
‘4 hours after nitrate therapy 3 was. discontinued: One Be 
who continued. tó receive nitrates while treatment with hy- > 
_ dtalazine was begun was'excluded from the group given hy- ` 
_dralazine alone. Oral hydralazine therapy. was begun and. 


AE ‘each patient was- given 25 mg and ee 


ak pit ae Mean | arterial” 
as ‘Heart rate. pressure: 
eae | 
ae i: 

‘A 
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` measurements were obtained after 2 to.3 hours. When there ` 
. were no significant changes at this time,. 50 mg of hydralazirie. 
. was administered. If no significant hemodynamic or clinical E: 
changes occurred 3 houré.after the 50 mg dose, 75 mg was then a 
’ given. Three patients demonstrated a significant increase in .- ` 
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cardiac: output. after receiving 50 mg of hydralazine, and’ the. 
remaining nine required 75 mg. After thé appropriate dose was 
determined, 50 or 75 mg was given every 6 hours, while he- 
`- modynamiic measurements were repeated before, 1 and-2 to 


“8 hours after each dose.. Because of the relatively long: duration « l 


of therapy needed to achieve maximal èffect, the final set 


..*- of measurements was made after at: ‘least 24 hours of: contin- ; 
"istered isosorbide dinitrate and topically administered ni- , >- 


x E £ 


uous therapy. o ADA 

After the evaluation of hess swith nitrates and hydrala: Be ge a 

zine alone; combined therapy, was instituted.: The. schedule eat Ab, 
. of the meditations was adjusted so that hemodynamic.mea-* =: ` 


a 


” -surements during | combined therapy could be obtained, when‘, i 


` -the peak effect of both’drugs coincided, 2 to 3 hours after ad-: 


". ‘ministration of hydralazine and either 30 minutës ` after ro 
. treatment, with isosorbide ‘dinitrate sublingually or 1 hour __, 
adjusted according to the protocol we reported elsewhere. | ` 


- after administration of isosorbide dinitrate oly or nitro: ze ka 
eyeerin topically. * aia 


r. 


- Right atrial. Et Ny 
. pressure ':.... Oye Gay eye 
Pats: VEG ene a eae" tas : 
- FIGURE 1. Mean values with the ©. . | 
standard error of the. mean ofhe- °> ` 
modynamic variables inthe control. ! 
state (C), and during nitrate (N), hy- `. ~, ° 
‘dralazine (H) and combined. (N+ H) `: 
‘++ therapy. Nitrates resulted In signif- a 
e . icant changes only,in right atrial 
i l - pressure and'pulmonary caplllary : 
Systemic voscula - wedge pressure. Hydralazine pro- ` 
KAC duced a marked Increase’in cardiac . 
_ Fesistance -> index. and ‘decrease In systemic’ -` 
aii i ‘vascular resistance. Combined `` -` 
; therapy resulted In a decrease in ma 
> -both ventricular filling. pressures. 
- along with an Increase In-cardlac ` 
Index. Heart rate and arterial pres- `° 
_ ` Sure: were unaffected. Statistically 
` significant changes from controlat © i 
the P <0.01 and P <0.001 levels- E h 
. are indicated by *, arid **, respec- ` 
tively. L= Hters. © = 5 i 


À 





Ye 


other variables reflecting a leftward shift along the | 


"Indexes (41 and 53 percent, respectively) with litte 
~ change in pulmonary caplilary wedge pressure, 






FIGURE 2. Ventricular function curves “showing: 
stroke volume index and stroke. work index, each.. 
plotted against pulmonary. capillary wedge preš- 
gure. The mean values for each’ group are’plotted | - 
utilizing the symbols indicated In the legends. The : © 
standard errors of the mean (SEM) for measure- . 
ments in each’ group were simllar and are Indl. . ~ 
cated. Nitrates. alone (elght patlents) resulted in a` ` 
40 percent decrease in pulmonary capillary wedge ` - 
pressure with.no or only slight Increase in the ` 


flat portion of a ventricular’ function curve. Hy- ` 
dralazine alone (11 patients) produced a marked 
Increase In both stroke: volume. and stroke work. 


mi/beat / m=" 


indicating a shift upward to a greatly improved. ` 


` > ventricular function curve. Combined therapy re-. 


sulted in 43 and 69 percent increases, respec- 
tively, in stroke volume and'work Indexes, together - 


with a 36 percent reduction In kft ventricular: uae ? 


pressure. 


" Statistical Lae of the hamedyramic data’ utilized a. 
two-way analysis of variance, without replication, and a mixed 
_ effects model. ` 
Long-term therapy: Eight of the 12 patients aned : 


to receive.long-term therapy with combined nopparenterally 


`- administered nitrates and orally adininistered “hydralazine; 
__ „the remainder of their therapeutic regimens were urichanged 
except for a reduction of the required € diuretic dose in 6 pa- ~ 


tients. The patients were followed up by'us and the referring 
physicians: , The results and side effects..of therapy were. 
evaluated from the patients’ subjective responses and. the 
physicians’ functional evaluation. One patient underwent 


_. repeat right heart catheterization after 8 months of continuous 
' RARI j eoo - 


‘Results Paes 


: Acute Hemodynamic Measurements: 


VASODILATOR: THERAPY OF CHRONIC HEART FAILURE—MASSE ET AL. 


= Stroke volume index : 
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Stroke work index 
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@ Control 

O Nitrates 

0 Aydralozine 
-0 Combined 


-20 30 


Pulmonory copiliary wedge pressure 
` mm ngi 


TEAT arterial“ pressure, but they manifested a sig- 
.. nificant reduction in systemic vascular resistance (from 


1,690:to 1,030 dynés sec em~*) and impressive increases 
in cardiac index. and-stfoke volume index (from 2.1 to 
3.2 liters/min per m? and from.27 to 39 ml/m?, respec- 


o tively). - 


f 


- The. hemodynamic: effects of treatment with ñon- ` 


parenterally. administered nitrates alone, hydralazine 
alone and combined vasodilator therapy are presented 
in Table II and Figure-1.. The hemodynamic findings iñ 
the 5 patients with mitral regurgitation were similar to 


those of.the remaining 7, and therefore all 12- “pane i 


were considered together. 
` Nitrates or hydralazine alone: There was. no sig- 


nificant’ ‘change ‘in heart rate or arterial pressure during 
: single or. combined therapy in the group as.a whole, al-` 
‘though there was a considerable increase in heart rate 


in one patient (Case.3, from 56 to 90 beats/min); anda 
moderate decrease in blood pressure in two hyperten- 


` sive patients (Cases 2 and 10, from 122.to 95 and from 
`. 115 to 97 mm Hg; respectively). with. hydralazine. 


Combined nitrates ‘and hydralazine: When com- 


bined therapy with nitrates and hydralazine was eval- 


uated, the beneficial hemodynamic effects of both drugs 
were ‘additive. Thus, thé parameters of preload, right 


atrial. and pulmonary. capillary wedge pressures de- - 


creased to levels comparable with values measured 


_- during nitrate therapy: alone. Systemic vascular resis- 


tancé decreased by a-similar amount, and cardiac and 


‘stroke volume indexes increased to levels that were 


slightly ` ‘higher than those obtained with pyaralazine 


-alone. 


Changes i in left ventricular stroke volume and work 
indexes, along with changes in. pulmonary: capillary 


“wedge pressure, are illustrated in Figure 2. Nitrates 


resulted in a reduction of.left ventricular filling pressure 
with little or no change in stroke.volume. Stroke work 
indèx increased slightly, but significantly, as a result of 


` the marked decrease in filling pressure and resultant 


` triċle. Hydralazine, on the other hand, had an insig-- 


overall increase in pressure developed by the left ven- 


nificant effect’on pulmonary capillary wedge pressure, 


- but produced substaiitial increases in stroke volume and 


Nonparenteral administration of nitrates resulted in `- 


significant reductions of right atrial pressure (from 14 


to 10 mm Hg) and pulmonary capillary.wedge pressure’ 


but also significant: decrease in pulmonary arterial | 


pressure (from 38 to 30 mm Hg). Nitrates produced no 


significant changes in cardiac and stroke volume indexes 


or in calculated systemic or pulmonary vascular resis- 
tance levels. The 11 patients who received hydralazine 
alone displayed little change i in filling pressure or pul- 


i ` 





stroke work indexes. Combined therapy produced a 
decrease i in pulmonary capillary wedge pressure and also 
ari increase in stroke volume and stroke work indexes, 
restilting i in a significant improvement in left ventricular 
function. Thus, the group as a whole manifested a 36 


_ percent decrease in wedge pressure (from 28 to 18 mm 
< Hg) with concomitant 43 and 69 percent increases in 
(from 28 to 17 mm Hg). In addition, there was a small - 


stroke volume.and stroke work indexes (from 27 to 39° 


ml/in? a 


and: from 25 to 42 E ale respectively) 


Clinical Response 
‘Although the. immediate response to treatment w was 


' difficult to evaluate becauise of the complex routine and 


enforced bed rest Tequired by continuous hemodynamic 
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* Clinical Results of Long-Term Vasodilator Therapy in Eight Cases _ 
p als 
Case Vasodilator Diuretic Months of Change In _ ; 
no. Agents (mq) Agents (mg)* Follow-Up NYHA Class Comments 
wv NTG 25, every 4 hr; H 75, every 6 hr ` Furosemide 120, triamterene 9 IV to IH i 
i. C eb 100 ` ae 
2 ISOsub 10, every 3 hr; H 75, every 6 hr Furosemide 240, spironolactone 7 IV to fl Retumed to work 
- iS 100 Kf a i 
3 NTG 25, avery 6 hr; H 50, every 6 hr Furosemide 80 7 Ill {ño Stopped 
i ‘change medications 
5 ISOs» 10, every 2 hr; H 50, every, 6 hr Furosemide 120 . 10 IV to II Returned to work 
6 lsOgup 15, every 2 hr; H 75, every 6 hr Ethacrynic acid 100 8 IV to Il ses 
7 ISOau 5, every 3 hr; H 75, every 6 hr -` Furosemide 200 5 IV to. ll 
8 ISOorai 40, every 4 hr; H 50, every 6 hr Furosemide 400 3 IV to Ill 
9 lSOorai 20, every 4 hr; H 75, every 6 hr Furosemide 120 4 IV to Il 


* All patients continued tó receive digoxin in the same dose as that given before the study. 
H = hydralazine; Isoga) and lS0sub = mele and sublingually administered isosorbide dinitrate: NTG = nitroglycerin ointment; NYHA = Now York 


Heart Assoclation. 


monitoring, all patients reported subjective improve- p 


ment during the initial trial of therapy. Most experi- 
enced less fatigue and dyspnea, as well as improved 
appetite and sleep. Weight remained stable despite 
reduced doses of diuretic agents in eight patients. 

' Long-term combined therapy: Three patients 
(Cases 10, 11 and 12) included in this study were eval- 
uated during short-term therapy with combined ni- 

trates and hydralazine, but were discharged receiving 
“other vasodilator therapy protocols. One patient (Case 
4) with idiopathic cardiomyopathy and chronic ob- 
structive pulmonary disease died suddenly in bed 1 
week after initial hemodynamic evaluation while re- 
céiving hydralazine only. A postmortem examination 
was not performed, but vital signs taken 1 hour before 
the patient’s death were stable and there was no evi- 
dence to implicate hydralazine causally. Eight of the 12 
patients continued combined nitrate and hydralazine 
therapy after discharge. The results of therapy in these 
patients are shown in Table ITI. One patient (Case 3) 
stopped taking medication. after several weeks because 
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of persistent nausea. The remaining seven have con- 
tinued combined vasodilator therapy for a mean of 6 
months (range 3 to 10). All seven have shown significant 
clinical improvement that has persisted for the duration 
of follow-up. All were in functional class IV before 
treatment; currently two are in class IH and five in class 
IL. Two of. the latter patients have returned to employ- 


ment for the first time in at least 2 years. One of these ` 


(Case 2) consented to return for repeat hemodynamic 


study after 8 months of continuous vasodilator therapy. . 


Figure 3 illustrates the remarkable similarity between 
the measurements obtained during the early period of 
treatment and those obtained during long-term thera- 


` py. 


Complications 


Mild headache resulted from the use of nitrates in 
three patients, and nausea accompanied the initiation 
of hydralazine in four. These symptoms subsided or 
disappeared despite continued therapy in all but the one 
patient (mentioned earlier) who eventually stopped her 


Ventriculor Filling 


Pressures’ 


Deny 


® 


OTO RA 


FIGURE 3. Case 2. Hemodynamic mea- 
L Ipdex surements made before (C), 2 days after 
e the institution of combined vasodilator 

ew. therapy and after 240 days of continuous 
Z treatment with hydralazine 75 mg orally 


Stroke Work 


i four times dally and Isosorbide dinitrate 10 

e ý mg sublingually every 3 hours. The long- 
* term hemodynamic effects are essentialty 
the same as the short-term effects. This 

` patient, who was Initially dyspnelc at rest, 
` has remained in functional class If since the 


bheic t 
C 2 240 Initlation of vasodilator therapy. PCW = 


pulmonary capillary wedge pressure; RA 


= right atrial pressure. 
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‘medication as a Tak of tde effetts. ‘One aN being 
evaluated for combined therapy was unable to tolerate 
nitrates because of severe headaches and was thereforé 
not’ included in this study. No patient, had postural 


_hypotension-during initiation or continuation of vašo- - 


dilator therapy. None of the seven patients receiving: 
long-term hydralazine therapy manifested peripheral 
neuritis or serologic evidence of lupus erythematosus 
or other manifestations of hýpersenettivily, oa as: fever 
“ or blood dyscrasias. 


"Discussion 


Despite our ioro understanding of the Meche ‘ 
nisms and hemodynamic derangements of chronic heart . 


failure, it is not uncommon to encounter patients who 


are refractory to the traditional modes of therapy with , 


digitalis, potent diuretic drugs, salt restriction” and 


- limitation of activity. Such patients experience pe- - 


ripheral edema; dyspnea; fatigue, malaise and inability 


- to tolerate even mild éxertion as a result of their in-. 


creased systemic and, pulmonary venous pressures and ° 


low. fixed cardiac output. Our patient group presented’. -` 
with such manifestations, of chronic refractory heart. 


failure. 

Rationale fok vasodilator therapy of heart fail- 
ure: The rationale for the use.of vasodilating drugs in 
heart’ failure’ and their beneficial: hemodynamic and 
clinical effects have been the subjects of many recent 

` articlés.1-28 Such therapy has the dual goal of reducing 


both left’ ventriciilar preload and afterload, thereby 


producing. a decrease in pulmonary venous pressure and 
an increase in cardiac output. Although parenteral ad- 

ministration’ of phentolamine, sodium nitroprusside 
and, to a-lesser extent; nitroglycerin can produce this 
dual response,*-!6 thus fat. no single. nonparenterally 
administered agent has been shown.to consistently re- 
-, duce preload and afterload. Nonparenterally adminis- 


' tered nitrates have a predominant effect on the venous . ` 


. capacitance vesséls, producing consistent decreases in 
- left, and right ventricular filling pressures’ but only 
variable changes in cardiac output. 16-25,29,30 


Our recent studies have demonstrated that drugs that . 


directly relax arteriolar smooth muscle, such as 3 orally 
- administered hydralazine and minoxidil; will-cause a 
predominant reduction in afterload, thereby improving 
cardiac output, with: little change in ventricular filling 
Pressures. 26,28 Franciosa and Cohn?” have also demon- 
‘strated an- increase in cardiac output produced with 


hydralazine. The accompanying decrease in both pul- A 
, monary capillary wedge pressure ahd systemic arterial | 


` pressure, which they observed in patients treated with. 
a single 100 mg oral dose, may have been the result of 
the larger: dose or may have been transient findings due 
to the rapid-change in. plasma drug concentration. 


An optimal approach ‘to the vasodilator therapy of ~ 


chronic heart failure. with the agents now available . 


- would be to combine drugs with relatively selective ef- 


` fects on thé. venous capacitance vessels and the arteri-. 
olar resistance vessels. Pierpont et al: récently.inves- - . 
tigated this’ ‘approach by measuring the hemodynamic : 


e: response toa single oral dose of hydralazine, alone and 
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i in combination with auemablé eens dinitrate, in 


a small group of patients with congestive heart failure. 
They: found -that the combination produced both an 


increase in cardiac output and a reduction i in left ven- 

-tricular filling pressure. These changes were comparable 

with those produced in the same patients by intrave- 

nous administration of nitroprusside, an agent known 
_ to affect both venous and arteriolar vascular‘beds. 


Limitations of present study: This study was un- : 


dertaken to confirm the theoretical basis for combining 
- venous and arteriolar vasodilators in the treatment of 
chroiiic heart failure and to evaluate more fully the 
* hemodynamic and clinical Tesponse to this therapy. 
Certain ‘problems i in performing the study should be 
noted. 

Most of the patients were severely symptomatic de- 
 spite-intensive conventional therapy, and therefore it 
- was not. possible to evaluate the hemodynamic effect of 

béd. test and other. nonspecific factors before vasodilator 
therapy. This study was only partially prospective. The 
initial four patients were part of a protocol evaluating 


the effects of orally administered hydralazine,“ but in | 


. each, after, the maximal hemodynamic response to this 
agent was obtained, it was necessary to add nitrates to 
reduce left ventricular filling présstires to acceptable 


_ levels. No measurements were made whilé thésé pa- 


tients were taking, nitrates alone, but the finding of an 
additive effect led us to evaluate each agent separately 
and. in combination in the remaining -eight patients. 
"Because the duration of safe and tolerable hemody- 
-namic monitoring is limited and because of the need to 
develop an‘effective and well tolerated long-term va- 
sodilator regimen for each patient during a limited 
study period, it was not possible to follow a rigidly de- 


`: fined protocol even in the patients studied prospec- 


tively. Thus, although hydralazine therapy was insti- 
tuted and evaluated in a standard manner, the nitrates 
were not given in 4 similarly, uniform fashion. Each 
patient was, initially given isosorbide dinitrate sub- 
Jingually, but the subsequent preparation and dose of 
nitrates utilized. was determined by such individual 


considerations as frequency of. administration, side ef- _ 


fects and: ‘previous response to nitrates. 

Differing hemodynamic effects of nitrates and 
hydralazine: The hemodynamic measurements ob- 
tained during single therapy with nonparenterally ad- 
thinisteréd nitrates and with orally administered hy- 


dralazine in this group of patients with refractory heart - 


; failure document the differing and selective effects of 
these two vasodilating drugs. The nitrates produced 


_ significant decreases in right atrial, pulmonary arterial 
' and pulmonary capillary wedge pressures, but had no ' : 
' effect ón systemic vascular resistance or cardiac output. 


These data confirm the predominant effect of nitrates 
on the venotis capacitance vessels and thus their selec- 


`- tive’ effect on preload in patients with heart failure. 
-- Although larger. doses of nitrates may have produced’ 
some reduction in arteriolar resistance and possibly an ` 


increase in cardiac output, the doses utilized for each 
preparation were. quite large and were indeed chosen 


because’ pees produced ope neguerien of left ven- . 
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itul Aline pressure or were the largest dose tolerated 


by the patient. In the same patients orally administered `. 


hydralazine selectively reduced peripheral vascular - 
_ resistance and. thus left ventricular afterload, increasing 
_cardiac.index, stroké volume and stroke work indexes ° 
without significantly decreasing left ventriculat filling se 
- pressure. 3 
The most striking and“ potentially most Tapani i 
finding of this stùdy is that the beneficial hemodynamic ` 
effects of these two drugs were additive. The ventricular. EA 
function curves‘shown in Figure 2 illustrate the differing .. . 
- effects of nitrates and hydralazine and the;dramatic - 
_ overall improvement in left, ventricular performance ` | 
produced with combined- therapy. These findings. - 
suggest that the combined’ use of agents that selectively _. 
. dilate the venous capacitance vessels and the arteriolar, 


resistance vessels, thereby producing: reduction in both, 


` preload and‘ afterload, can-optimize the hemodynamic. . 
benefit of vasodilator therapy and potentially -best al, i, 


leviate the symptonis of heart failure. 


Some patiénts-who do not have greatly increased `. - 
. Venous pressure or whose ability to maintain adequate 


cardiac output is preload- ‘dependent. may be best 
treated with hydralazine alone.or in combination with: 
only small doses of nitrates.-Conversely, patients with 


‘heart failure who have been able to mairitain cardiac - 
output at the expense of greatly increased left ventric- - -. 
- ular filling pressure may be best treated with nitrates 

_ alone or in combination with only small doses of hy- 


dralazine: The variability of hemodynamics i in patients 
with heart“ failure and of response to pharmacologic 
intervention makes it uséful:to institute such vasodi~. 


lator therapy during hemodynamic monitoring i inorder - ` 
‘to optimize thé regimen of'treatment. Kovick et al.24 + 
recently demonstrated a similar beneficial hemody- : 
. namic and clinical response to treatment with combined 
. administration of isosorbide dinitrate, sublingually, and 


the alpha adrenetgic blocking agent phenoxybenzaminé, . 
orally, in patients with chronic heart failure. a 


Side effects: Combined therapy with nonparenter-> ;. 
ally administered nitrates and orally. administered hy- ae 
dralazine ig relatively convenient because the ni-.- - 
trates can ‘be: administered at intervals. of up. to 4. 


vt. Cohn JN: Vasodilator eran for heart failure. Circulation 48: 5- 8,. 
| 1973 : 
K: Vasodilator therapy for heart failure, Prog Cardiovasc 
_ Dis 83:421-423, 1975 >. 


3. Chatterjee K, Parmley WW: Tho role of vasodilator terapy In heart ~ 


failure. Prog Cardiovasc Dis 19: 301-325, 1977 
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‘> function during nitroprusside infusion in acute myoçardial infarction. 
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ventricular falluraə Circulation 47:729-735, 1973 


` 6. Chatterjee K, Parmley, WW, Ganz W, etal: Hemodynamic and 
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Infarction. ‘Circulation 48:1183-1193, 1973 . 
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hours!721- -23,25 and hydralazine may. be’ given’ every 6 


hours. This form of therapy was well tolerated. The. 


most frequent side effects were headache and nausea, 
which were mild and transient except in one’ patient. | 
Despite the resultant decreases in filling pressure and 


peripheral resistance, there were no. undesirable. changes: © 
- _ in heart-rate or blood pressure. Postural symptoms were 


not seen. Although neither serologic nor clinical evi- | 
dence of- lupus erythematosus has ‘developed i in-these | 


f patients, drug-induced lipus ‘is a serious potential ` 
. ‘complication that is to be expected in some patients. _ 


receiving these large dosés of hiydralazine.39 One patient’ 
with slow acetylation, included in our previous; study, `. 
manifested this syndrome after 6 months of treatment - 
with hydralazine, 300 mg. daily.” è “ 

“Therapeutic implications: Only eight wales in- 


more than 1 month. Nonetheless, these patients all ex- 


` :perienced-” subjective : ‘and functional improvement, ' 

which has. persisted f for the duration of follow-up. One. 
` patiënt from this group has undergone repeat hemo- 
:,- dynamic studies. The’ striking- similarity of the: mea-_ 
_.. 8urements obtained after 8.months of continuous va-, 
<, sodilator: therapy to those obtained during, the period - 
. of initial treatment suggests. that the response to these- 

drugs'i is sustained and that the long- term clinical 4 im- 


provement manifested by these patients.is probably ` 


"secondary to the hemodynamic effeéts’ of the drugs: 

' Admittedly, further-studies will be required.to docu- ` 
` mént.the continuing: hemodynamic effects. of: these - 
A drugs; nevertheless, the prolonged: clinical response’ and `- 
` the continued reduced requirements for diuretic agents ! 
| suggest that the vasodilator therapy i is at least in part 


responsible for thë symptómatic improvement i in these 


T patients. 
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ki TEO ETE weré dima in 11 nationis with eN mitral 7 
, *, regurgitation. The cause ‘Of the regurgitation, determined at the- time. 'of ‘ 
. mitral valve replacement in 9 of the 11 patients, was elther torn. chordae a 
.: . tendineae or an avulsed papillary muscle head. Fiail mitral leaflet was- 
. gacondary to infective endocarditis:In seven patients and to coronary. heart’. 
_- . disease in two patients; in the other two: ‘patiénts the cause of the.flall 
`- leaflet was not determined:- -Echocardiograms: from the 11 patlents:ex- 
es ‘hibited at least orie of four distinct patterns: systolic left atrial echo, coarse =~ 
. diastolic fluttering of the anterlor leaflet, „paradoxical. movement of the : 
`? postertor. leaflet throughout the cardiac cycles ‘or early diastolic fluttering `. 
. ` of the ‘posterior leaflet.. The last pattern: was noted In two patients 1 who >! 
- refused surgery and In six. patients who had mitral valve replacement. Pon dea 
__-' Although early dlastolic fluttering of the posterior leaflet has not previously. ia 
` been'reported to be Indicative of a flalt leaflet, It was the most frequent’: ~ 
' pattern. observed In those with an uritethered posterior leaflet. (eight of `- 
‘, nine patients). Five of the 11 patients: had one of the four patterns, . and. ae 
“the remaining 6 had at least two. The specific echocardlographic. ab- ` 
.’ normalities were not related to the cause or severity of the mitral regur-. 
s gitation but were determined by the location of the tear and the portion 
- > of the fiall. leaflet traversed by the ultrasonic: beam. These patterns appear . 
-to represent ; an echocardlographic spectrum characteristic of a flall.mitral = : 
` leaflet. Détection of any of the four patterns in the presence of mitral wes. 
E woe eusuonia torn chordae tendnona:. f 


~ 


A flail mial leaflet, denari acute mita eataa T to ; 
_rupture of the chordae tendineae or the'head of a papillary muscle.!. & . 

. . If that diagnosis is established, it may influence the mode and- timing a 
` -of therapy. The clinical features of a flail mitral leaflet may niot be `., ` 
5 diagnostic. of the problem, and other data are necessary to make the di- 
. ` agnosis. Hemodynamic data identify the acuteness and severity of the . 
regurgitation | but provide no clue to its cause.”8 Left ventricular cine- ' 
` , angiograms may not provide the detail needed to establish a cause? . ` 


‘Echocardiography has been used to detect a flail mitral leaflet?-12; 


however, many patterns previously considered diagnostic were subse- - 
. quently observed with a variety.of cardiac disorders.? To identify specific ` 
'“echoçardiographic features that, can be used to detect a flail mitral leaflet, 


ori 


we studied 11 patients with this disorder in the noninvasive laboratory. - à 


| These studies revealed four distinctive echocardiographie patterns that 
_ appear to be apeane for. a tear of a portion of the mal ER 


i l : Methods.. ae 
yee arts obtained with the patient supine orin; lie left lateral de- 


. „cubitus position, were performed in the standard manner!! using the SKI Ekoline’ ` 
. 20 with how focused and unfocused 2. 25 pmesehera i ‘transducers. The record- E 


7 


oe 
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TABLE | 
Clinical Features of 11 Patients With a Flail Mitral Leaflet 
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: Physical Catheterization Data 
; CHF Duration of Findin í W 
Case Age (yr) Etiolo (NYHA . Symptoms SM Angio V wave 
no. Sex E Cap class '3) (mo) S4 Sa (grade) ECG (Qto+4) (mmHg) Therapy 
1 72M 0 + Iv — Oo + 4/6 AF, LVH +4 50 MVR+ CABG 
2 69M +65 0 il 8 + + 3/6 LAA, LVH +4 40 MVR 
3 34F +1 0 WW 18 Oo + 3/6 ‘AF, LVH +4 42 MVR 
4 62M +t 0 IV 4 0o + 3/6 AF, LVH +4 75 MVR 
5 59F 0 0 IV 6 + + 4/8 R + LAA, LVH +4 65 MVR . 
6 38M +t 0 ii 28 + + 3/6 LVH . —_ — Medical 
7 50F + 0 1l 1 + + 3/8 LVH — — Medica! 
8 56M 0 + IV 2 days Sete 3/6 LAD +4 45 MVR 
9 58M 0 0 iti 1 + + 4/6 LVH, LAA +4 55 MVR 
10 57F +t 0 IV 2 + + 4/6 | LAA, LVH +4 60 MVR 
11 ATF +i 0 il 24 + + +3/+4 35 MVR 





> Streptococcus fecalis. 

t Streptococcus viridans. 

Jf £ Staphylococcus aureus. 
§ Rheumatic mitral valve. 


Ë Blood culture negative but gram- iii organisms pathologically. 
bypass graft; CAD = coronary artery disease; CHF = congestive heart fallure; 
left atrial abnormality; LVH = left ventricular 


+ = present; 0 = absent; AF = atrial fibrillatlon; CABG = coronary 
ECG = electrocardiogram; IE = infective endocarditis; LAA = 


4/6 LVH 


; MR Anglo = mitral regurgitation 


in left ventriculogram; MVR = mitral valve replacement, NYHA = New York Heart Association classification; PCW = pulmonary capillary wedge 
pressure; RAA = right atrial abnormality; SM = systolic murmur; Sa = accentuated third heart sound (early diastolic filling sound); S4 = atrial 


sound. 


ings were ish with a seven channel IREX recorder on Kodak 
Linograph M30 paper or Briteline 1320 recording paper. Si- 
multaneous phonocardiograms were obtained with Leatham 
microphones and the heart sound modules of the IREX re- 
corder, which are capable of selective sound filtration. Nine 
of the 11 patients underwent right and left heart catheter- 
ization, left ventricular cineangiography and selective coro- 
nary cineangiography. 


Patients Studied 


Clinical profiles of the 11 patients are given in Table I. 
There were six men and five women aged 34 to 72 years. Mitral 
regurgitation was due to infective endocarditis in seven pa- 
tients, and the infection involved a previously normal valve 
in five. Two patients had significant coronary artery disease 
(greater than 75 percent luminal narrowing of at least two of 
the three main coronary arteries) that contributed to the de- 
velopment of mitral regurgitation. There was no obvious an- 


atomic cause of the flail leaflet in two patients, and in these 


patients the cause was listed as uncertain, 





All 11 patients had some symptoms of left ventricular 
failure that had been present 1 to 28 months before the non- 
invasive studies. All had a first heart sound that was either 


incteased ‘or of normal intensity, a prominent ventricular . 


gallop (S3) and at least a grade 3/6 systolic murmur that was 
prominent at the left ventricular apex but could be heard over 
the entire precordium. Eight patients had normal sinus 
rhythm and a loud atrial sound (S4). These auscultatory 
findings were documented with phonocardiograms. 

Niné of the 11 patients underwent cardiac catheterization. 
In all nine, the pulmonary capillary wedge pressure was ele- 
vated with prominent V waves, and severe mitral regurgita- 


tion!? was demonstrated with left ventricular cineangiogra- - 


phy.!? Coronary angiography revealed significant coronary 
artery disease! in three of the nine patients. 

These nine patients also underwent mitral valve re- 
placement: The mitral apparatus was examined at that time 
to establish an anatomic cause for the regurgitation (Table 
I). Avulsion of a portion of the mitral apparatus was found 
in all nine patients; the tear involved the anterior mitral leaflet 








TABLE I! 
Abnormal! Cardiac Anatomy In Nine Patients Who Had Cardiac Catheterization and Mitral Valve Replacement for a 
Flail Mitral Leaflet 
Torn Portion of Mitral Apparatus 
Case e neae e Tendineas 
no. of AML of PML Additional Cardiac Abnormalities? 
1 il 0 Dilated, poorly contracti V; >75% obstruction LAD, LC, RCA 
2 Il 0 Verrucous vegetatlon on ; >75% obstruction LAD 
3 0 il Diffusely thickened mitral valve with fused commissures 
F o ! : Verrucous vegetation on chordae tendineae of PML 
I. EEN 
8 0 1+ >75% obstructlon LAD, LCx 
9 0 lo. Calcified mitral anulus 
10 0 i+ i _ Focal thickening PML; perforation of leaflet + verrucous vegetation 
11 Il ill Calclum at base of PML tendineae extending to chordae 





* There was also rupture of a head of the posterlor medial papillary muscle. 
t Coronary arterial anatomy was determined from coronary anglography before surgery. Comments on left ventricular performance are based 


on the ejection fraction as determined from the right and left anterior oblique left ventricular clneanglograms. 
left anterior descending coronary artery; LCx = left circumfiex coronary artery; LV = 


AML = anterior mitral leaflet; LAD = 


= posterior mitral leaflet; RCA = right coronary artery; | = first order; Il = second order; Ill = third order. 
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e 6 ke “Diastolic “Fluttering” : Fadal. 
pankat i ER eS -of Mitral Vaive : Movement : Findings 
«+ Case’ IN Left Atrlal ` ' Anterior - Posterlor of Posterlor >. per 
“no, Be “Echoes .. “Leaflet ‘Leaflet > Leaflet - Patient ` 
; ae Be gna + EEEn 0. 1 
i ee eee zool rE of eee RE s 0 -2 
3- +, =" ie a `~ 0 toe 
ve ee i +: 0 Ley ig aa E 
. S5 te O°. 0 + . 0 t. 
ve ae is ieee E c r . oO E SS 
‘ Oz. : +: "0. + -0 Tae 
: gage ae 0. , "0 + CO y -F 
Tg o% at o 5o Jot 0: 2: 
, 1008 On. 0: i +. =0.- oe 
| AT an 0 + 0 2: 
À , Total patients (11) r Be ide 8. ti : 


ʻ nine patients had additional ‘anatomic findings of interest: ' 
-verrucous vegetations, perforations of a leaflet; focal: hick. 


dus. 
“Two piteni refused cardiac catheterization: ‘both: had a 


Í “dinical diagnosis of acute mitral regurgitation caused byi in- 
' fective endocarditis. The echocardiograms of these patients. 


-in 1 two patients sad the poatetice leaflet’ in seven. Seen of thie: 


“ening: ofa mitral leaflet or calcification. of the: ‘mitral anu-.. 


t 


r 


Fe 


attend xi typical o of a. flail’ ee leaflet! 16 j is s para-' 
_ doxical movement’ during systole and diastole (Case 4) 
(Fig. 1B). Seven patients had the unusual finding of 


__ 1, systolic echoes in the left atrium!” (Fig. 1C). Eight pà- 


‘were indistinguishableé from: those of patients with antgicelly, a : 


/ proved, flail posterior mitral leaflet. . Get 
Me | Echocardiographic Features is 


of a flail anterior leaflet415 ig coarse diastolic fluttering ` 


of the anterior leaflet ‘(Cases 1 and 2) Org soe The . 


(arrows) within the “normally echo-free left atrium (LA). AML = anterior mitral leaflet; AO =_aorta; Apex, = 


tients had.a distinctive echogram that revealed early . 
_ diastolic fluttering, of.the. pestenor mitral leaflet (Fig. 
2). ee 

Five patients had only’ one of these four E a 
graphic patterns, five had two pattérns (systolic left _ 
atrial echoes accounting for one of the. two paren ànd 


ae _ one patient had throe patterns. 
` The echocardiographic features pertinent to: ‘flail cs 
“Teaflet i are listed in Table III. The characteristic pattern. `: 


Discussion he eae? 
aiii the last deeds nonrheumatic causes of TSN 


7 regurgitation have attracted conaiderable” atten- 





, FIGURE 1. Echocardiographic paler observed In association with a flall mitral leaflet. ‘x, Case 2. Coarse diastolic fluttering of the: ahtarion mitral 
leaflet (ami). B, Case 4. Paradoxical. movement of the posterior leaflet (arrows) during systole and diastole In a patient with surgically proved flait, 
posterlor mitral leaflet (PML). Posterior systolic displacement is followed by abrupt anterior movement in diastole. C, Case 9. Linear systolic. echoes 


low. frequency phonocardiogram at 


- apex; DR = diastolic rumble; LV = left ventricle; S7 = first heart sound; S2:= second heart sound; 'S3 = = third alee sound’ or ventricular rapid ring, 


sound; Sk = patient Rite. 
. "i 


ang. 


í 


a 


I 804- November: 1977 The American Journal of CARDIOLOGY ‘Volume 40°: beets Bh Seager 


av 


NY 











tion.} 47.817 The most common of these causes is a flail 
mitral leaflet secondary to torn chordae tendineae or an 
avulsed head of a papillary muscle.?!8 If the diagnosis 
of a flail leaflet is established, it may influence therapy 
by determining the timing and even the design of the 
surgical intervention.*-5 Because of the significance of 
this diagnosis, it is important that a flail mitral leaflet 
be accurately and readily detected. 

In some cases the clinical features of a flail mitral 
leaflet are quite distinct; in others, this disorder can be 
a diagnostic puzzle, 2,3,6,9 and additional information 
may be needed to establish the diagnosis.? The hemo- 
dynamic measurements from cardiac catheterization 
reflect the chronicity and severity-of the regurgitation 
but give no hint of.the cause.’ The mitral apparatus can 
be examined in the left ventricular cineangiogram, but 
often significant mitral regurgitation prevents adequate 
inspection of the valve.!2 

The echocardiographic movements of a normal mitral 
leaflet have been defined, and abnormal motion of the 
mitral valve has been described in many cardiac disor- 
ders.}19 Various echocardiographic patterns reported 
to be characteristic of a flail mitral leaflet include sys- 
tolic posterior displacement of the left atrium, vigorous 
excursion of the ventricular septum, increased opening 
velocity of the mitral valve and a greater amiplitude of 
valve excursion.9-!!,!6 Unfortunately, these patterns are 
nonspecific and do not identify a flail leaflet.’ 

We reviewed the echograms from our 11 patients with 
flail mitral leaflet arid found that each patient had at 
least one of four different echocardiographic patterns: 
systolic echoes in the left atrium, coarse diastolic flut- 


tering of the:anterior leaflet, paradoxical motion of the 


posterior ledflet in.systole.dnd diastole or early diastolic 
fluttering of the posterior leaflet. These patterns were 
determined by the specific site of the anatomic distur- 
bance and were not an indication of the cause.or severity 
of the mitral regurgitation. 

Systolic echoes in the left atrium: The left atrium 
is normally!®18 an echo-free structure. When there is 
a flail mitral leaflet, fragments of that leaflet plus its 
chordal attachments are flung into the left atrium, 
producing a cloud of echoes.!6 Because these ẹchoes may 
originate from either a flail anterior or a flail posterior 
leaflet; this pattern does not indicate which leaflet is 
affected. 

Systolic echoes in the left atrium are characteristic 
not only of a flail mitral leaflet but also of other disot- 
ders. Left atrial echoes are seen with atrial tumors,!! 
some mitral valve prostheses (specifically the Capetown 
valve), congenital mitral obstruction from a parachute 
mitral valve and mitral valve prolapse accompanying 
a systolic click-late systolic murmur. Fortunately, each 
of these disorders can be identified from other echo- 
cardiographic findings!!19; in their absence, systolic 
echoes in the left atrium should be a clue to the presence 
of a flail mitral leaflet. 

Coarse diastolic fluttering of the anterior mitral 
leaflet: A flail anterior mitral leaflet is probably more 
responsive than a normal valve to intracardiac stresses. 
During systole, ventricular contraction forces the seg- 
ment of the anterior leaflet toward the left atrium.15 
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FIGURE 2. Echacardiograrne from two patlerits (A, re 11; B, 5, Case 
10) with a flail posterior leaflet exhibiting coarse hectic fluttering in early 
diastole (arrows). Abbreviations as in Figure 1. 


Because the normal coaptation of the anterior and 
posterior leaflets does not occur, mitral regurgitation 
develops. In the echocardiogram during diastole, a flail 
anterior mitral leaflet moves anteriorly and appears 
normal until after mitral valve opening. From the time 
of opening until mechanical left ventricular systole 
begins, the anterior leaflet exhibits coarse hectic flut- 
tering!13 that is probably due to buffeting of the un- 
tethered portion of the anterior leaflet by blood flowing 
from left atrium to left ventricle (Fig. 3). 

Paradoxical movement of the posterior mitral 
leaflet in both systole and diastole: This pattern 
signifies a flail posterior mitral leaflet.1!17 The normal 
anterior and posterior leaflets appear in the echocar- 
diogram duririg systole as one line that moves contin- 
uously in an anterior ditection.!!,15.!9 In diastole the 
leaflets move apart so that the posterior leaflet appears 
as a mirror image of the anterior leaflet. The normal 
movements are disturbed when there is a flail posterior 
leaflet. During systole the untethered segment is pushed 
toward the left atrium and away from the anterior 
leaflet, appearing in the echocardiogram as abrupt 
posterior displacement of the posterior leaflet at the 
beginning of systole.!! The leaflet stays posterior until 
early diastole, then quickly moves anteriorly and behind 
the anterior leaflet.!° The posterior leaflet remains 
behind the anterior leaflet and “tracks” its movements 
for the remainder of diastole. The reason for the dia- 
stolic movement of a flail posterior leaflet has not beer 
definitively established, but it is likely that the detached 
segment of the leaflet is drawn anteriorly by the Venturi 
effect created by diastolic blood flow from the left 
atrium to the left ventricle.2° 

Early diastolic fluttering of posterior mitral 
leaflet: Eight of the 11 patients exhibited this pattern. 
In seven of the eight this was the only pattern suggest- 
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FIGURE 3. Echocardlographic appearance of a flail anterior mitral leaflet (AML). A, diagram showing the rupture of a first order chorda tendinea near 
a head of the anterolateral papillary muscle. The movements of the untethered segment of the anterior leaflet are relatively unrestricted. When 
blood -flows from the léft atrium (LA) to the left ventricle (LV) during diastole, the leaflet exhibits coarse, hectic fluttering. B, Case 2. Echocardiogram 
demonstrating coarse hectic fluttering of the anterlor mitral leaflet during diastole. AO = aorta; ECG = electrocardiogram; PML = posterior mitral 


leaflet. 


ing a flail posterior mitral leaflet; the eighth patient 
(Case 4) had early diastolic fluttering and paradoxical 
. movement of the posterior mitral leaflet (Fig. 1B). Five 
of the eight had mitral valve replacement, and the an- 
atomic cause of mitral regurgitation was determined at 
that time. Each had a tear of secondary or tertiary 
chordae tendineae of the posterior léaflet except for 
Patient 4, who exhibited two patterns (Table ITI). These 
findings suggest an explanation for the early diastolic 
fluttering. 

Early diastolic fluttering of a flail posterior leaflet can 
be considered analogous to the coarse fluttering of a flail 
anterior leaflet. In both instances the “fluttering” rep- 
resents buffeting of an untethered leaflet by the tur- 
bulent diastolic flow of blood from the left atrium to the 
left ventricle. The turbulence is greatest when the blood 
flow between the chambers is greatest—in early dia- 
stole.” With a flail anterior leaflet the movements of the 
involved segment are unchecked and the leaflet re- 
sponds to the turbulence with coarse hectic fluttering. 
If the posterior leaflet has limited mobility, it cannot 
respond as dramatically as the anterior leaflet to tur- 
bulence and the fluttering of the leaflet would occur in 
early diastole when turbulence around the valve is 
maximal (Fig. 4). 

The hypothesis that early diastolic fluttering of the 
posterior leaflet indicates a detsched or flail segment 
of the leaflet with limited mobility is consistent with our 
anatomic observations. When early diastolic fluttering 
was the only hint of posterior leaflet involvement, the 
site of the tear was at the level of the secondary and 
tertiary chordae tendineae? (Table III). A torn chorda 
at the level of secondary or tertiary subdivisions is 
surrounded by a network of normal chordae that restrict 


movement of the flail segment; this restricted move- 
ment influences the echocardiographic findings but not 
the severity of the mitral regurgitation. 

The finding of early diastolic fluttering and para- 


doxical movement of the posterior leaflet in a patient. 


with torn primary chordae tendineae is interesting. It 
is likely that the patterns simply reflect the movement 
of the flail leaflet at two different sites. When the ul- 
trasonic beam traverses a mobile segment, paradoxical 
movement is seen; if the beam traverses a less mobile 
segment, only early diastolic fluttering is seen. 
Among more than 1,200 echocardiograms reviewed 
by one of us (W.J.H.), only the 8 reported here demon- 
strated early diastolic fluttering of the posterior leaflet. 
This pattern is very specific for a flail mitral leaflet; but 
it must be distinguished from other types of fluttering 
that may be seen on the mitral leaflets. Aortic regurgi- 
tation causes the mitral leaflets to vibrate, but this 
fluttering tends to involve both the anterior’ and the 
posterior leaflets in diastole.!119 The mitral leaflets may 
reflect atrial flutter or fibrillation! that does not re- 
semble the early diastolic fluttering of a flail posterior 
leaflet. Coarse hectic fluttering of the mitral leaflets 


` occurs with mitral regurgitation secondary to general- 


ized myocardial dysfunction or regional left ventricular 
dysfunction involving the base. of a papillary mus- 
cle.21921 With such disorders the fluttering of the 
leaflets tends to be coarse and to involve both leaflets 
throughout diastole. The mitral regurgitation accom- 
panying an endocardial cushion defect is associated with 
coarse fluttering of both leaflets that is also present 
throughout diastole. 

In summary, the echocardiograms of 11 patients with 
a flail mitral leaflet revealed four patterns that appear 
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FIGURE 4. Echocardlographic manifestation of a flail ean mitral ieatlet (PML). A, diagram showing torn second order chordae eriinede: that 
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support the posterior leaflet. Unlike a flail anterior leaflet, the untethered posterior leaflet has limitéd mobility because of Its interconnections to 
other normal second order chordae and therefore flutter Is evident In the echocardlogram only when the flow past It Is maximal—during early diastole. 
B (Case 11) and C (Case 5). Echocardiograms from two patients with torn second order chordae tendineae demonstrating early diastolic fluttering 


of the posterior leaflet (arrows). Abbreviations as In Figure 1. 


to be specific for-a flail leaflet: systolic echoes in the left 
atrium, coarse diastolic fluttering of the anterior mitral 
leaflet, paradoxical movement of the posterior leaflet 
in systole and diastole and early diastolic fluttering of 
the posterior mitral leaflet. These patterns appear to 
be determined by a combination of factors: the section 


of the mitral apparatus traversed by the ultrasonic 
beam, the anatomic location of the tear and the mobility 
of the flail segment. If mitral regurgitation is present, 
the demonstration of any of these four patterns indi- 
cates a tear or rupture of a portion of the mitral appa- 
ratus. 
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A 47 year old man with acute pulmonary embolism had severe pulsus 
paradoxicus in the absence of pericardial disease. Echocardlography 
demonstrated inspiratory fallure of the aortic valve to open, a decrease 


in left ventricular cavity size and a decrease In mitral valve diastolic ex- . 


cursion. 


Since Kussmaul’s original description of paradoxical pulse more than 


_ 100 years ago, occurrence of this sign has become a valued aid in the 


clinical recognition of cardiac tamponade. Its value has been somewhat 
limited by its occurrence in shock, severe myocardial dysfunction and 
in a variety of conditions associated with an exaggerated inspiratory 
decrease in intrapleural pressure. We recently studied a patient with 


- severe paradoxical pulse associated with striking echocardiographic 


abnormalities who had no evidence of pericardial disease. 


Case Report 


A 47 year old man was admitted with a 1 year history of fever and neurologic 
symptoms. An extensive clinical workup had been unrevealing, with the ex- 
ception of possible lymphoma diagnosed by lymphangiogram. The patient be- 
came acutely dyspneic, cyanotic, hypotensive and hypoxemic. During this epi- 
sode the arterial pulse was not palpable during inspiration; this finding was 
subsequently confirmed by recording of intraarterial pressure. During expiration 


‘the systolic pressure measured 100 mm Hg but during inspiration no systolic 


deflection was recorded. The central venous pressure was 10 to 11 cm of water 


and decreased during inspiration. An electrocardiogram showed a shift in the ` 


frontal axis from —30° to +60°. Chest roentgenogram revealed no change in heart 


size and clear lung fields. A lung scan revealed multiple perfusion defects that 


were not evident in a previous study. Acute hypoxia and subsequent elevation 
of serum lactate dehydrogenase and bilirubin levels completed the clinical picture 
of acute pulmonary embolization. The patient was heparinized. On the next day 
his condition improved but the somewhat labored expiration continued. A 
paradox of approximately 20 mm Hg in arterial pressure persisted. Central ve- 
nous pressure was 4 to 5 cm of water. On the third day after the acute episode 


no paradox was observed. A third lung scan, performed 10 days later, showed. 
‘considerable resolution of the perfusion defects. The patient has remained well 


several months after discharge. 

An echocardiogram was performed shortly after the onset of dyspnea. A 
striking finding was the failure of the aortic valve to open every third to fourth 
beat, with occasional marked decreases in the amplitude of aortic valve opening. 


These changes occurred only during inspiration and despite the presence of sinus - 
_ rhythm (Fig. 1). The amplitude of the mitral valve excursion also decreased 


significantly during inspiration (Fig. 2). The septum moved posteriorly during 
inspiration, resulting in an increase in right ventricular volume. During held 
expiration a scan to the left ventricular posterior wall with appropriate damping 
revealed no pericardial effusion. Tricuspid valve motion was not noticeably af- 
fected by respiration. 
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FIGURE 1. Echocardiogram of the aortic valve (AV). 
Note the presence of sinus rhythm. The aortic valve 
opens normally during expiration (EXP) (first arrow). 
The aortic valve fails to open during most of Inspira- 
tion (INS) (second and third arrows). At end-Inspl- 
ration the aortic valve partially opens (fourth 
arrow). 


Discussion 


Causes for normal inspiratory decrease in sys-. 


temic blood pressure: Inspiration normally causes a 
small decrease in systemic systolic blood pressure and 
pulse pressure. Two major theories have been elabo- 
rated to explain this finding. Dornhorst et al. proposed 
that these changes were the result of temporal delay in 
the transmission of the right ventricular stroke volume 
to the left side of the heart, induced by the storage 
properties of the pulmonary circulation. Thus, the in- 
spiratory increase in systemic venous return to the right 
heart causes an increase in right ventricular stroke 
volume and within several beats there is an increase in 
pulmonary venous return with a resultant increase in 
left ventricular stroke volume. The adequacy of this 
interpretation was challenged by Ruskin et al.,2 who 
used a control period of apnea to obliterate the phasic 
effects of inspiratory pulmonary storage mentioned. 
Inspiration after apnea caused an immediate decrease 
in aortic flow, systolic pressure and pulse pressure. They 
postulated that these immediate effects were due to 
inspiratory pooling of blood in the pulmonary veins. 
Both the fixed storage effects of the pulmonary circu- 
lation (by inducing temporal delay) and its varying 
storage capacity (increasing during inspiration) appear 
to contribute to the normal inspiratory decrease in 
blood pressure. 

Paradoxical pulse in pulmonary embolism: The 
effects of increased inspiratory effort upon blood 
pressure have been studied in normal persons and in 
patients with airway obstruction. These changes are 
believed to represent merely an exaggeration of the 
normal response. Shabetai et al.3 stated that pulse 
pressure and left ventricular stroke volume do not de- 
crease to an abnormal degree in this setting. The echo- 
cardiographic studies in one patient demonstrate that 
this is not universally so. This patient had no echocar- 
diographic evidence of pericardial effusion or clinical 
evidence to suggest pericardial restriction or myocardial 
dysfunction and had clinical data supporting the diag- 
nosis of pulmonary embolism. Several previous reports 
have clearly associated acute pulmonary embolism with 
paradoxical pulse.*5 





PARADOXICAL PULSE WITHOUT TAMPONADE—WINER ET AL. 





Echocardiographic findings in paradoxical pulse: 
To our knowledge this is the first echocardiographic 
demonstration of the changes in aortic valve opening 
that may occur with severe paradoxical pulse. This 
finding is somewhat puzzling because Figure 2 reveals 
a substantial phasic excursion of the interventricular 
septum. It would therefore seem likely that some stroke 
volume should be produced. Nevertheless, the aortic 
valve did not open during systole. The excursion of the 
septum might reflect motion of the septum relative to 
the echocardiographic transducer due to rocking of the 
entire heart (as suggested by the change in the electro- 
cardiogram) rather than actual contraction of the left 
ventricle. With a small left ventricular volume a given 
excursion of the left ventricular walls will result in a 
smaller stroke volume. Severe reduction in left ven- 
tricular volume might result in so small a stroke volume 
that configurational change in the left ventricle and 
displacement of the mitral valve might result. Unfor- 





(MV) diastolic excursion during inspiration (INS). Note the posterior 
displacement of the septum (S) during Inspiration. The left atrial wall 
is posterior to the mitral valve in this view. EXP = expiration. 


November 1977 The American Journal of CARDIOLOGY Volume 40 809 








- PARADOXICAL PULSE WITHOUT TAMPONADE—WINER ET AL. 


tunately, the patient’s exaggerated chest wall motion 
prevented our obtaining simultaneous anterior and 
_ posterior wall echoes during respiration. 


The echocardiégram suggests an inspiratory decrease’ 


in left heart volume even though the true left ventricular 
_ volume could not be measured. This demonstrates that 
paradoxical pulse in this setting is not merely due to 


-transmission of decreased intrapleural pressure to the > 


aortic pressure. The severe decrease in arterial pressure 
and failure of the aortic valve to open during inspiration 


in this patient were probably due to a severe decrease: 


in left ventricular stroke volume and, pressure. While 
several of the discussed mechanisms may contribute, 
this effect is most likely related to inspiratory pooling 
in the pulmonary veins in the face of a decreased cardiac 
output. 


‘Differentiation from cardiac tamponade: This 


patient demonstrated all of the echocardiographic ab- 


normalities previously reported as indicative of cardiac 
tamponade, with the obvious exception of the absence 
of pericardial effusion. Specifically, the changes in left 
ventricular volume and mitral valve diastolic motion are 
virtually identical to those noted by D’Cruz et al.® in 


cardiac tamponade. Parenthetically, we have also noted | 


these echocardiographic abnormalities in patients with 
large pericardial effusions, but without clinical tam- 
ponade. It seems quite likely that patients with mod- 
erate pericardial effusions and pulmonary embolism 


might erroneously be considered to. have cardiac tam- 


ponade on the basis of echocardiographic findings _ 
alone. , ; 
We conclude that respiratory distress may cause 
clinically evident severe paradoxical pulse with marked 
decreases in pulse pressure. The specificity of .the 
echocardiographic evidence of candine tamponade re- 


` mains unsettled. 
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...@ highly stable tablet for aborting or 
preventing attacks of angina pectoris 


ISORDIL SUBLINGUAL Tablets retain their potency without significant loss or 
variation for at least two years under normal conditions + 


...fapid onset of action Starts to act almost as fast as nitroglycerin. 


...long duration of action Action is maintained for up to two hours... Dilatation of coronary arteries and 
collateral coronary arteries persists for more than two hours after sublingual administration. 












*Indications: Based on a review of this drug by the National Academy of Sciences —National Research Council and/or 
other information, FDA has classified the indications as follows: ; 
“Probably” effective: When taken by the sublingual route, Isordil Sublingual is indicated for the treatment of acute e T 
anginal attacks and for prophylaxis in situations likely to provoke such attacks. i 
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histamine, and many other agents. An occasional individual exhibits 

marked sensitivity to the hypotensive effects of nitrite, and severe Bae 
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Each 15 ml Each Solodose* packet 

(20 mEq of potassium (20 mEq of potassium 
chloride) contains: chloride) contains: 
Calories 17 Calories 0 
Sodium Omg Sodium 0 mg 








CONTRAINDICATIONS: Impaired renal function, untreated Addison’s 
Disease, dehydration, heat cramps and hyperkalemia. 

WARNING: Do not use excessively. 

PRECAUTIONS: Administer with caution and adjust to the 
requirements of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 
Use with caution in patients with cardiac disease. In hypokalemic states, 
attention should be directed toward the correction of the frequently 
associated hypochloremic alkalosis. 

Patients should be cautioned to adhere to dilution instructions. 
ADVERSE REACTIONS: Potassium intoxication indicated by 

listlessness, mental confusion, paresthesia of the extremities, weakness 
of the legs, flaccid paralysis, fall in blood pressure, cardiac 

depression, arrhythmias, arrest and heart block. Vomiting, nausea, 
abdominal discomfort and diarrhea may occur. 

OVERDOSAGE: In case of excessive use resulting in hyperkalemia or 
potassium intoxication, discontinue potassium chloride 

administration or take other steps to lower serum levels if indicated. 


Cooper Compliance Tip 

Help assure that your older patients take 
medications properly by printing your 
instructions in large letters. You might 
also send a copy of the instructions to the 
patient’s spouse. Please forward your 
compliance tip to Cooper Laboratories, 
300 Fairfield Road, Wayne, N.J. 07470, 
Att: W.F Cronin. 


COPS avoratories, Wayne, New Jersey 07470 143-48 
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“How ARCO Medical Products Company 
Is improving the predictability of 
Cardiac pacing: 


—an open letter to physicians and 
other members of the medical 
community from Page Thompson, 
President, ARCO Medical Products 
Company. 














“ARCO Medical Products Company, 
a subsidiary of Atlantic Richfield 
Company—the 12th largest cor- 
porate entity in the United States, 
known principally for its chemical, 
petroleum and mineral operations 
—is now emerging as a leader in 
the highly specialized field of 
cardiac pacemaker systems. And 
we would like you to be sure that 
there are substantial benefits 
accruing to you and your patients 
due to our solid and rapidly growing 
position in this field. 


“To highlight a few of the benefits 
for you we'd like to call your 
attention to the fact that 

ARCO Medical Products Company 
now provides: 


= Pulse generators substantially 
improved in predictability 


s A lithium thionyl chloride power 
source with highly desirable 
characteristics 


s Significantly increased research 
and development to provide im- 
proved and new products in the 
near future 


a A responsible attitude toward 
selling whereby we will not offer 
for sale what we cannot deliver— 
within 48 hours—anywhere in 
the free world 





a Realistic, no-nonsense’ product 
guarantees 


“To understand how it all began 
look back to the early 1960s. Our 
people were then encapsulating 
nuclear materials used in the naval 
nuclear submarine program and the 
Apollo space program. As a result 
of this experience, we were 
awarded the first AEC contract for 
the encapsulation of nuclear 
material to be implanted in the 





human body. That was the begin- 
ning of the first nuclear-powered 
pulse generator. 


“The precision and expertise put 
into the manufacture of those first 
nuclear-powered units is apparent 
when you see they have been 
functioning effectively for ten 
years, with a long life expectancy 
still ahead of them. 


“The nuclear experience evolved 
into the development of pacemaker 
technology that utilized the nuclear- 
precise production and quality 
assurance techniques perfected 
when working on the AEC contract. 


“ARCO Medical Products Company 
helped develop the advanced and 
exclusive lithium thionyl chloride 
power cell, which does not build up 
internal pressure. ARCO Medical 


Products Company developed the 
triple encapsulation process which 
virtually solved the problem of 
invasion and migration of moisture 
within the generators. 

ARCO Medical Products Company 
developed both a component and 
a total unit ‘burn-in’ process which 
virtually eliminates initial failures. 
In these ways, and in many others, 
ARCO Medical Products Company 
has succeeded in significantly 
improving the predictability of the 
pulse generator. 


“We are a concerned company, 
and this concern has led us toa 
commitment that no other pulse 
generator company matches: 
improved pulse generators 





supported by a ‘no-nonsense’ 
product guarantee. In essence: 


1. In the event an ARCOlith™ 
pulse generator becomes 
defective for any reason up to 
and including 60 days follow- 
ing implant, ARCO Medical 
Products Company will furnish 
a replacement pulse generator 
at no charge and pay all 
surgical and hospital costs as 
established by third-party 
insurance company pay 
schedules* 


2. In the event an ARCOlith pulse 
generator becomes defective 
for any reason after 60 days 
following implant up to the end 
of the warranty period* ARCO 
Medical Products Company 
will furnish a replacement 
pulse generator at no charge 
and pay up to a total of $200 
for surgical and hospital costs 
over third-party insurance 


“Be involved. Take a stand by 
communicating your thoughts to 
us. Whatever your concerns may 
be regarding our products, our 
business philosophy, or your 

hopes for the future of pacemaker 
technology, we would like to hear 
from you. Kindly use the form on 
the following page to jot down your 
thoughts and mail them to me. It will 
be a pleasure to share your ideas.’ 


Wess, r 


*Refer to warranty for complete details. 
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Wed like to hear from you. 


ARCO Medical Products Company Get involved. Take a stand. Tell us Page Thompson, President 


invites you to communicate your what's on your mind so we can be ARCO/Medical Products Company <> 
thoughts regarding implantable of better service to you and your Subsidiary of AtianticRichfieldCompany 
pulse generators or manufacturer- patients in the future: Philadelphia, PA 19101 


physician relationships. 
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ARCO/Medical Products Company <> 
Subsidiary of AtlanticRichfieldCompany 

Improving the predictability of cardiac pacing 
Corporate Headquarters Technical Center Operations 
1500 Market Street 101 Sherman Avenue P O. Box 546 
Philadelphia, PA 19101 Vandergrift, PA 15690 Leechburg, PA 15656 


(215) 557-2000 (412) 568-3663 (412) 845-8111 
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the ultimate clinical application of computer technology 











The Computer: Medical Language, Medical Results 
Consider computer technology completely dedicated 
to cardiovascular diagnostics...micro-circuitry that 
thinks and operates in your language according to 
your parameters and your procedure needs. Consider 
technology advanced to a degree that guarantees the 
perfect exposure for every run on every patient, re- 
gardless of age, size or weight. Thisis the OPTIMUS. 


Full automation makes such accuracy simple for you. 
A range of programs covering every examination 
technique is built into the generator at installation. You 
select the medical parameters for each program. For 
examination, simply turn on the generator and press 
one button for the program you want. The OPTIMUS 
does the rest. 


Patient Measuring Shots: Your Instant Preview 
Automatically (in 5 milliseconds), the OPTIMUS 
measures the absorption characteristics of the pa- 
tient and then the computer selects the exact factors 
for an ideal exposure. Factors are selected in discrete 
mA/kV steps. Your technique is always the highest 
mA and the lowest kV. 


In a fraction of a second, all other technical param- 
eters are calculated and set by the generator. You're 
insured perfect results before the cine run starts. 
The measuring shots can be engaged at any time to 
determine optimum technique for any projection. 


Measuring shots drastically reduce the radiation dose 
required by less automated systems to determine 
technique factors. In the time equivalent to one cine 
frame, you know exactly what the results will be. 


Procedure interruptions due to factor adjustment or 
“trial and error test shots"are eliminated. You and the 
technician devote minimum attention to technique 
selection and maximum attention to your patient. 


A New Standard of Image Quality 

The OPTIMUS' high output permits short exposures 
with low tube tensions. As a result, images are rich in 
contrast and detail. Low kV lets you visualize ex- 
tremely small vessels with unprecedented ease. And 
not only are geometric unsharpness and motion un- 
sharpness both minimized, but the OPTIMUS automat- 
ically weighs one against the other in selecting the 
technique which optimizes image quality. 


From Maximum to Minimum Instantly 

The OPTIMUS' secondary tetrode system switches 
exposures on and off and also regulates the kVp level. 
Now it's possible to change technique from maximum 
to minimum instantly. This is the same basic concept 
Philips’ cine pulse has used successfully for the past 
twenty years! 


Full Generator Use 

More than any other system on the market, the 
OPTIMUS gives you the full Capability of a generator. 
Over 100 hospitals throughout the world are enjoying 
that OPTIMUS capability right now! It's the product 
of all Philips’ experience in both generators and com- 
puter technology...the logical result of progress from 
Philips’ cine pulse to automated Modular Genera- 
tors to Anatomically Programmed Radiography. The 
OPTIMUS: it's the most logical choice for you, too. 
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Press one 
button for 
optimum 
technique 
for every 
exposure. 













A built-in 

memory lets you 
change technique 
and return to 

the initial program 
with no operator 
changes — for 
every patient! 


















Secondary tetrodes — 
another first from 
Philips... 

20 years ago! 














The OPTIMUS: 
computerized 
because it does 
ajob only a 
computer can do! 





For more information, contact 
your Philips’ representative. 
Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 


® IMN.V. Philips of Holland 
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New book / 300 pages / 143 illustrations / $35.00 


Here in a single definitive volume is a thoroughly 
up-to-date review of coronary bypass surgery seen from 
a perspective of 10 years’ experience. The compilation 
of 20 chapters is the work of 47 contributors including 
some of the foremost cardiologists and cardiothoracic 
surgeons in the country. While recognizing the life- 
prolonging potential of the surgery, the contributors 
also point out its limitations. The various types of coro- 
nary disease are discussed in detail: pathogenesis, diag- 
nostic procedures, considerations in the selection or 
rejection of patients, and information on both preopera- 
tive and postoperative management. 

This book is the most recent addition to our widely 
acclaimed Cardiovascular Clinics Series, Albert N. 
Brest, MD, Editor. 


CONTENTS 
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— Shahbudin Rahimtoola 


Morphologic observations in biologic conduits between 
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Progression of angiographically determined 
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Effect of coronary bypass surgery on 
left ventricular function 
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wlatory Blood Pressure Recorder Zs” 


Light, compact one-piece unit weighs only 25 ounces. 


% 4 The Remler patented Ambulatory Blood Pressure Recorder 
= » X has been in use for more than ten years by leading physicians 
4 and research institutions throughout the world. It is a proven, 
easy-to-use system that relieves the doctor of the time-consum- 
ing traditional auscultatory procedure. 

Now, by miniaturizing circuits and components, we have pro- 
duced a smaller and easier to wear sing/e-unit version. 

This Model M-2000 records blood pressures during the 
wearer’s working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method totally eliminates bias, and the pressor effect 
of an observer's presence. 

The Remler system is especially useful in determining the 
efficacy of medication in the treatment of hypertension. 


AJC-11/77 
omrlere Company 


| Since 1918 « Precision in Electronics 





280 Visitacion Mall e Brisbane, California 94005 USA «+ (415) 468-3437 


Please send me complete details on the new | 
Remler M-2000 Ambulatory Blood Pressure Recorder. | 
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We recommend this, 


Data obtained with the 
SWAN-GANZ® Flow-Directed 
Balloon-Tipped Catheter allows 
you to diagnose and treat the 
critically ill patient with a high 
level of confidence. 

Consequently, in patients 
vhere large volumes of fluid 
are required or where marginal 


cardiovascular reserve is 


decisions (such as treatment 
with plasma protein, dextrose 
solution, albumin, etc.) can be 
made more aggressively. 
Moreover, SWAN-GANZ 
Catheters can be used to deter- 
mine many patient conditions. 
For example, pulmonary 
hypertension can be sub- 
stantiated hemodynamically, 
and the state of congenital 


heart disease determined. 

Iypovolemic shock can be 
differentiated from cardiogenic 
shock. Myopericardial disease 
can also be confirmed by the 
characteristic pressure 
changes. 

Following acute myocardial 
infarction, the degree of myo- 
cardial depression can be better 
quantitated using the cardiac 





before you prescribe these. 


output and wedge pressure. details on insertion, placement Hospital Supply Corporation, 

The diagnosis of heart and complications, are described 17221 Red Hill Avenue (Irvine). 
failure, particularly left heart fully in journal reprints and tech- P.O. Box 11150, Santa Ana, 
failure, in the J Saas A a nical data available CA 92711, 714/557-8910, 
presence of adult s B from Edwards. Cable Address: EDSLAB, 
respiratory dis- DE im Ask your local Telex: 68:5567 


tress syndrome, a ai Edwards’ Technical 
be quantified. aad i Representative for C] EDWARDS 
SWAN-GANZ fa fe A copies, or contact: Co LABORATORIES 
Catheters—a com a Edwards Laboratories, | 
plete description, ; ‘g y. > Division of American Division of Amenica 
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Let it 
solve one l 
of yours. : 


Automatic Gain Compensation 
Automatic Gain Compensation (AGC) circuitry 
has been designed to automatically analyze and 
determine the optimum display of each returning 
echo, so that heart structures are clearly 
delineated. As moving structures change depth 
and angle, the real-time flexibility of AGC 
permits the display to remain true and accurate 
throughout the examination. The result: more 
clinical information and an extremely high 
percentage of interpretable exams. 








Price Breakthrough 

Incorporating new 1977 state of the art technology, the 
ECHOMATIC is extremely lightweight (approx. 50 Ibs.) 
and is priced about 30% less than its next higher-priced 
competitor. Standard phono, carotid and ECG channels 





are included at this same price. The interaction of AGC and echo information 
Service Support Basic Training Program 

A nationwide network of service offices is maintained to To assist in the establishment of your echocardiography 
permit us to regularly meet our goal of on-site repair service, the Metrix Teknika Echocardiography Basic 
within 48 hours of your call. With over 30 service offices, Training Program has been prepared. This program 

our factory support staff, and the reliability we have built in, includes 35mm slides, tape cassette and extensive 
you can expect minimum downtime with the ECHOMATIC. textbook material. 


O Please send the full story about the ECHOMATIC Metrix Teknika 


and Automatic Gain Compensation (AGC). 876 Ventura St. 
Aurora, CO 
CO Please send more information about the Basic 80011 


Training Program. or call collect: 


(303) 343-8330 
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“PROBUCOL 22." 


Chart the 
specific course 
in cholesterol 
therapy. 
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‘Specific new approach to cholesterol lowering. a 


k LORELCO is unrelated chemically to any other cholesterol-owering agent presently available. 
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LORELCO, in combination with diet, yields 3 
significant reductions in serum cholesterol.t 4 


As indicated in the figure at right: 


O At point A, patients in two groups 
were placed on a diet low in 
cholesterol and saturated fat. 


O At point B, one group of patients 
(red line) was started on therapy with 
LORELCO, two 250 mg. tablets twice 
daily, in addition to diet. Over the next 
3 months, this group showed further 

+ reduction in serum cholesterol, 
significantly below that achieved with 
diet alone. The other group (blue line) 
received placebo while diet therapy 
was continued. No additional 
reduction in serum cholesterol levels 
was noted. 
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O At point C, the two groups were 
crossed over. Serum cholesterol 
levels increased rapidly when the 
group formerly receiving LORELCO 
was given placebo. Conversely, a 
sharp reduction in serum cholesterol 
occurred in the group given 
LORELCO instead of placebo. 


Sustained reduction in serum cholesterol. 
In long-term studies of 882 patients on various diets, 
regardless of fat or cholesterol content, 315 were main- 
tained on LORELCO over a period exceeding four years. 
A significant reduction in mean serum cholesterol levels 
in that group was sustained throughout the study. 


It's well-tolerated. 


Diarrhea, the most common side effect occurred in 
about one patient in ten. Treatment was discontinued in 
about one patient in thirty because of side effects, 
mainly gastrointestinal disturbances. 


It's convenient for your patients. 
LORELCO offers convenient twice-a-day dosage. 
There's no noon-time dose to remember or forget. 
No inconvenient mixing or stirring. 


Special note. 

LORELCO is metabolized and excreted over a 
period of months. LORELCO is not recommended 
for use during pregnancy or in women contemplating 
pregnancy within 6 months. 





a 
LORELCO E 
PLUS DIET*— £ E. 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 E 
Weeks of Treatment ss 
*Values calculated as of last week in test periods. e x 
E 


TJ. LeLorier, S. Dubreuil-Quidoz, S. Lussier-Cacan, Y.S. Huang and J. Davignon, Clinica! ; 7 
Research Institute and University of Montreal: “Diet And Probucol In Lowering Cholesterol | 
Concentrations." Archives of Internal Medicine, Vol. 137, October 1977 R 
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It has not been established whether the drug-induced 
lowering of serum cholesterol or triglyceride levels has a 
beneficial effect, no effect, or a detrimental effect on the 
morbidity or mortality due to atherosclerosis including 
coronary heart disease. Current investigations now in 
progress may yield an answer to this question. 


See complete product information on next page. E 








Chart the specific course in cholesterol therapy. 2 tablets b.i.d. 


DESCRIPTION: 

LORELCO (probucol) is an agent for the reduc- 
tion of elevated serum cholesterol. The chemi- 
cal name is 4,4’-(isopropylidenedithio) bis (2,6- 
di-t-butylphenol). Its chemical structure does 
not resemble that of any other available choles- 
terol-lowering agent. It is lipophilic. 


CLINICAL PHARMACOLOGY: 

-The pharmacological mode of action by which 
LORELGO lowers serum cholesterol levels is 
unknown. However, there is no increase in the 
cyclic precursors of cholesterol, namely des- 
mostero!l and 7-dehydrocholesterol. On this 
basis it is concluded that LORELCO does not 
affect the later stages of cholesterol biosyn- 
thesis. 

Absorption of LORELCO from the gastroin- 
testinal tract is limited and variable. When it is 
administered with food, peak blood levels are 
higher and less variable. With continuous ad- 
ministration in a dosage of 500 mg b.i.d., the 
blood levels of an individual gradually increase 
over the first three to four months and there- 
after, remain fairly constant. 

At the end of 12 months of treatment in eight 
patients, blood levels averaged 19.0 ug/ml and 
ranged from 7.3 to 29.8 ug/ml. Six weeks after 
cessation of therapy, the average had fallen 60 
per cent to 7.8 ug/ml (range from 3.2 to 16.3 
ug/ml). After six months the average had fallen 
80 per cent to 3.6 «g/ml (range from 1.5 to 6.0 
ug/ml). 


INDICATIONS AND USAGE: 

Since no drug is innocuous, strict attention 
should be paid to the indications and contra- 
indications, particularly when selecting drugs 
for chronic long term use. 

LORELCO is indicated as adjunctive therapy 
to diet for the reduction of elevated serum 
cholesterol in patients with primary hyper- 
cholesterolemia (elevated low density lipopro- 
teins). LORELCO may be useful to lower ele- 
vated cholesterol that occurs in patients with 
combined hypercholesterolemia and hyper- 
triglyceridemia, but it is not indicated where 
hypertriglyceridemia is the abnormality of most 
concern. 


It has not been established whether the drug- 
induced lowering of serum cholesterol or tri- 
glyceride levels has a beneficial effect, no effect, 
or a detrimental effect on the morbidity or mor- 
tality due to atherosclerosis including coronary 
heart disease. Current investigations now in 
progress may yield an answer to this question. 


CONTRAINDICATIONS (See also precautions): 
LORELCO is contraindicated in patients who 
are known to have a hypersensitivity to it. 


PRECAUTIONS: 

Before instituting therapy with LORELCO an 
attempt should be made to control serum cho- 
lesterol by appropriate dietary regimens, weight 
reduction, and the treatment of any under- 
lying disorder which might be the cause of the 
hypercholesterolemia. 

Because LORELCO is intended for long-term 
administration, adequate baseline studies 
should be performed to determine that the 
patient has elevated serum cholesterol levels. 
Serum cholesterol levels should be determined 
frequently during the first few months of treat- 
ment and periodically thereafter. A favorable 
trend in cholesterol reduction should be evi- 
dent during the first two months of probucol 
administration. The regimen should be followed 
as long as the trend continues. A decision 
should be made by the sixth month whether 
adequate reduction is being attained. 

A baseline for serum triglycerides should 
also be established and serum triglyceride 
levels should be determined periodically. If a 
marked sustained rise in serum triglycerides is 
observed during probucol therapy, considera- 
tion should be given to improved diet compli- 
ance, alcohol abstinence, further calorie re- 


striction or adjustment of carbohydrate intake. 
LORELCO (probucol) should not be continued if 
hypertriglyceridemia persists. 

Neither oral hypoglycemic agents nor oral 
anticoagulants alter the effect of LORELCO on 
serum cholesterol. The dosage of these agents 
is not usually modified when given with 
LORELCO. 

Use in Pregnancy: Reproduction studies have 
been performed in rats and rabbits and have 
revealed no evidence of impaired fertility or 
harm to the fetus due to LORELCO. Because 
there are no adequate studies in pregnant 
women, use of this drug in pregnancy is not 
recommended. Furthermore, if a patient wishes 
to become pregnant, it is recommended that 
the drug be withdrawn, and birth control pro- 
cedures be used for at least six months be- 
cause of persistence of the drug in the body 
for prolonged periods. (See Clinical Pharma- 
cology.) 

Use in Nursing Mothers: It is not known 
whether this drug is excreted in human milk, 
but it is likely to be since such excretion has 
been shown in animals. It is recommended that 
nursing not be undertaken while a patient is 
on LORELCO. 

Use in Children: Safety and effectiveness 
in children have not been established. 


ADVERSE REACTIONS: 

The adverse reactions associated with LOR- 
ELCO are generally mild to moderate and of 
short duration. 

The most commonly affected system is the 
gastrointestinal tract. Diarrhea occurs in about 
one in 10 patients. Other adverse gastroin- 
testinal reactions in descending order of fre- 
quency are: flatulence, abdominal pain, nausea 
and vomiting. These reactions are usually 
transient and seldom require the drug to be 
discontinued. During the clinical studies, LOR- 
ELCO was discontinued in about 2 per cent of 
the patients because of adverse gastroin- 
testinal reactions. 

Less frequent adverse reactions are: hyper- 
hidrosis, fetid sweat and angioneurotic edema 
which were reported in less than one in 500 
subjects. 

An idiosyncratic reaction characterized by 
dizziness, palpitations, syncope, nausea, vomit- 
ing and chest pain has been reported. 

Other events have been reported in patients 
treated with LORELCQ. The relationship be- 
tween these events and probucol is not well 
established. In this group are included totally 
subjective complaints which are attributed to 
drugs even though many individuals have 
symptoms of this sort in the absence of drug 
ingestion. Also included are events which 
could have been produced by the patient's 
state or other modes of therapy. The most fre- 
quent were headaches, dizziness, paresthesias 
and eosinophilia observed in about one of each 
50 subjects. Consistently low hemoglobin and/ 
or hematocrit values were observed in about 
one of each 100 patients. Less frequent were: 
rash, pruritus, impotency, insomnia, conjunc- 
tivitis, tearing, blurred vision, tinnitus, dimin- 
ished sense of taste and smell, enlargement 
of a multinodular goiter, anorexia, heartburn, 
indigestion, gastrointestinal bleeding, ecchy- 
moses and petechiae, decreased hemoglobin, 
thrombocytopenia, nocturia, and peripheral 
neuritis. These were observed in the range of 
one to six per thousand subjects. 

Elevations of the serum transaminases (glu- 
tamic-oxalacetic and glutamic-pyruvic), biliru- 
bin, alkaline phosphatase, creatine phospho- 
kinase, uric acid, blood urea nitrogen and blood 
glucose above the normal range were observed 
on one or more occasions in various patients 
treated with LORELCO. Most often these were 
transient and/or could have been related to 
the patient’s clinical state or other modes of 
therapy. Although the basis for the relationship 
between probucol and these abnormalities is 
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not firm, the possibility that some of these are 
drug related cannot be excluded. In the con- 
trolled trials, the incidence of abnormal labora- 
tory values was no higher in the patients 
treated with probucol than in the patients 
who received placebo. 


DOSAGE AND ADMINISTRATION: 

For adult use only. The recommended dose is 
500 mg (2-tablets of 250 mg each) twice daily 
with the morning and evening meals. 


CAUTION: Federal law prohibits dispensing 
without prescription. 


HOW SUPPLIED: 
Each film-coated tablet contains 250 mg 
probucol and is imprinted with the DOW 
diamond trademark over the code number 51. 
Bottles of 120 tablets, a 30-day supply for 
one patient (NDC 0183-0051-26). Unit “dose 
packages of 112 tablets (NDC 0183-0051-71). 
Keep well closed. Store in a dry place, avoid 
excessive heat and dispense in light-resistant 
containers. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: 
From studies in rats, dogs and monkeys it is 
known that probucol accumulates slowly in 
adipose tissue. Approximately 90 per cent of 
probucol administered orally is unabsorbed. 
For that which is absorbed, the biliary tract is 
the major pathway for clearance from the body. 
After a single dose approximately 10 per cent 
of the absorbed drug was recovered from bile 
collected from rats over a period of 30 hours. 
Very little is excreted by way of the kidneys. 
Following a single intravenous injection in rats, 
only one per cent of the drug was recovered 
in the urine over a 24-hour period. 

Probucol has shown no identifiable toxicity 
in mice, rats and monkeys. In mice and rats 
the LDso (oral) is in excess of five grams per 
kilogram of body weight. Two-year chronic 
toxicity studies in rats and a study in monkeys 
exceeding seven years in duration have shown 
probucol to be without adverse effect. f 

During the performance of a two-year chronic 
study involving 32 probucol-treated dogs (bea- 
gles), there were 12 fatalities. The behavior, 
physical condition, laboratory findings and 
post-mortem evaluations were considered to be 
within normal limits. 

Subsequent experiments have indicated that 
probucol sensitizes the canine myocardium to 
epinephrine resulting in ventricular fibrillation 
in many dogs. 

Among the animal species in which probucol 
has been studied, the dog is peculiar with 
respect to the phenomenon of sudden death 
and the sensitization of the myocardium to 
epinephrine. In contrast to findings in the dog, 
injections of epinephrine to probucol-treated 
monkeys did not induce ventricular fibrillation. 
In other studies, monkeys were given probucol 
either before and after, or only after myocardial 
infarction induced by coronary artery ligation. 
In these studies there was no difference be- 
tween probucol and placebo-treated groups 
with respect to either survival or detailed blind 
quantitation of myocardial changes (gross 
and histopathologic). 

Myocardial injury was produced in various 
groups of rats by one of the following proce- 
dures: aortic coarctation, coronary ligation, or 
cobalt or isoproterenol injection. After probucol 
administration no deleterious effects related to 
treatment occurred as measured by survival 
and microscopic examination of myocardial 
damage. 

„Probucol was administered to minipigs begin- 
ning 10 days before ligation of a coronary 
artery and continued for 60 days post surgery. 
Challenge with epinephrine at the end of 60 
days failed to induce ventricular fibrillation in 
any of the coronary ligated, probucol-treated 
minipigs. 

In summary, probucol is toxic to the dog; the 
target organ is the heart. This phenomenon 
appears to be unique to the dog. Toxic effects 
were not identified in four other species. 


Printed in USA 


ahaa cated 





CASE REPORTS 








Pacemaker-Induced Endocardial Friction Rub 4 


ROBERT D. GLASSMAN, MD* 
R. JOE NOBLE, MD, FACCT 
MORTON E. TAVEL, MD, FACC 
WILLIAM R. STORER, MD 
PAUL E. SCHMIDT, MD 


Indianapolis, Indiana 


From the Krannert Institute of Cardiology, the 
Department of Medicine, Indiana University School 
of Medicine; the Veterans Administration Hospital; 
and Methodist Hospital, Indianapolis, Indiana. This 
study was supported in part by the Herman C. 
Krannert Fund, Indianapolis, Indiana; by Grants 
HL-06308, HL-05363 and HL-07182 from the 
National Heart and Lung Institute, National Insti- 
tutes of Health, Bethesda, Maryland; and by the 
American Heart Association, Indiana Affiliate, Inc., 
Indianapolis, Indiana. Manuscript received March 
16, 1977, accepted April 6, 1977. 

*Recipient of a Hickam Memorial Fellowship 
from the American Heart Association, Indiana 
Affiliate, Inc. 

tTeaching Scholar, American Heart Associa- 
tion. 

Address for reprints: Robert D. Glassman, MD, 
Indiana University School of Medicine, 1100 West 
Michigan Street, Indianapolis, Indiana 46202. 






anes aM it Sacre Sah i ike E RELSE rts lean 





























Two patients had a typical sounding cardiac friction rub after place: ; 
of a temporary transvenous pacemaker. Absence of myocardial perfo- i, 
ration was documented in one patient during thoracotomy for placeme 
of an epicardial electrode and in the other with an electrogram record ed 
from the pacemaker as it was being withdrawn. The rubs disappeared 

during pacemaker removal. These cases are believed to represent € ; 
docardial friction rubs resulting from contact of the pacing wire with the o 

endocardium. 


ed 


The use of transvenous pacemakers has generated a series of iatrogenic i 
heart sounds, some of which are of purely intellectual interest. Others, — 
such as friction rubs, raise the suspicion of silent myocardial perfora- 
tion!” and may lead to extensive diagnostic procedures? or reposition 
of the electrode. In this report we call attention to the occurrence of 
endocardial friction rub in two patients with a normally function 

transvenous pacemaker. ee 


Case Reports 


Case 1: A 35 year old man received a temporary transvenous pacemake 
another hospital after detection of diffuse conduction system disease manifested 
by first and second degree atrioventricular (A-V) block and bilateral bundle 
branch block. He was transferred to the Indiana University Medical Center for Ji 
further evaluation and placement of a permanent pacemaker. On admission, 
a systolic ejection murmur and a diastolic friction rub were heard (Fig. 1). The ` 
rub was synchronous with both conducted and blocked P waves; there was no _ 
change with respiration. The jugular venous pulse was normal. The patient be 
afebrile and he denied chest pain. The electrocardiogram was consistent wi 
a right ventricular endocardial pacemaker that was sensing and pacing norma 
There was no suggestion of perforation on chest X-ray examination. The friction | “ 
rub disappeared simultaneously with the removal of the temporary pacemaker. — 
During thoracic surgery for placement of an A-V synchronous pacemaker, there — 
was no sign of pericardial reaction, nor were there other findings suggestive o 
perforation. à s i 


Case 2: A temporary transvenous pacemaker was inserted in an attempt to. 
control refractory ventricular arrhythmias in a 22 year old woman. A friction — 
rub was subsequently noted. The pacemaker was functioning well and was 
further manipulated. On the patient’s transfer to this hospital for further. 
vestigation, physical examination disclosed a three component friction rub that _ 
varied with changes in position but not with respiration. In addition, a sof 
systolic murmur was audible at the cardiac apex and left sternal border. T 
jugular venous pulse was normal. Prolapse of the mitral valve was suspected on 
the basis of the systolic murmur and ventricular arrhythmia; an echocardiograms i 
confirmed prolapse of the posterior mitral leaflet. 

The patient was without pain, fever or other findings consistent with verted 
ration. Chest roentgenograms and intracardiac electrograms demonstrate 
normal endocardial position of the electrode. The pacemaker continued to — 
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= function normally, manifesting a low threshold and high 
sensitivity level. The rub was documented repeatedly during 
her hospitalization and was unchanged immediately before 
pacemaker removal (Fig. 2A). Under electrocardiographic 
monitoring, the pacing wire was withdrawn into the right 
atrium. Simultaneous auscultation revealed that the rub was 
| no longer present; its absence was documented with phono- 
- cardiographic recordings several minutes later (Fig. 2B). 


Discussion 


Pacemaker click: Several specific auscultatory signs 
of transvenous pacemakers have been documented. The 
~ most common finding is a presystolic high frequency 
| click occurring approximately 6 msec after the pacing 
artifact. When first described by Nager et al.* in 1965, 
the click was thought to be of cardiac origin; however, 
~ subsequent studies have clearly shown that it is related 
to intercostal or diaphragmatic stimulation by the 
| electrode.>7 It has been found to disappear after ad- 
~ ministration of neuromuscular blocking agents and is 
| noted to persist when the pacemaker artifact falls in the 
- ventricular refractory period.® Although it has occa- 
sionally been related to silent myocardial perforation? 
or to partial penetration into the right ventricular 
myocardium,!” the pacemaker click is generally con- 
sidered an insignificant auscultatory finding. 

A Pacemaker sounds and murmurs: Other sounds 
and murmurs have also been described in patients who 
-have a pacemaker. Costeas et al.!! reported a systolic 
“cardiac whoop” in a patient requiring a temporary 
transvenous pacemaker after myocardial infarction. 
They postulated movement of the pacing wire in the 
right ventricular cavity as the source. Nachnani et al.'* 
- noted three patients with a systolic click and late sys- 
tolic murmur, described as superficial and scratchy- 
-= sounding. These sounds appeared after transvenous 
_ pacemaker placement and disappeared on withdrawal 
_ of the pacemakers; two of the three murmurs increased 
| in intensity with inspiration. They were attributed to 
E catheter-induced tricuspid insufficiency. Laceration of 
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FIGURE 1. Case 1. Phonocardio- 

| gram showing first heart sound (S4), 

systolic ejection murmur (SM) and 

second heart sound (S32). A diastolic 

rub (R) clearly follows each P wave. 
| | APEX and PA are phonocardio- 
fee, grams at the apex and pulmonary 
| | area, respectively. CAROT = ca- 

| pE] rotid arterial pulse tracing. ECG = 
l electrocardiogram. 

















the tricuspid valve and fibrinous adhesion of a pacing 
catheter to the tricuspid valve have been reported on 
several occasions; most of these lesions were unsus- 
pected clinically and were detected at autopsy.!®-15 
However, in one such patient, a murmur of tricuspid 
insufficiency appeared after pacemaker placement!®; 
again, a tricuspid laceration was found at autopsy. 

Myocardial perforation with friction rub: Myo- 
cardial perforation by an endocardial pacemaker is not 
an uncommon complication of transvenous pacemaker 
placement. Frequently it is either totally silent clini- 
cally!? or presents as pacing failure in an otherwise 
asymptomatic patient.'!® Tamponade is fortunately a 
very rare manifestation.!%° Other signs suggestive of 
perforation include the presence of a right bundle 
branch block pattern in paced beats,!™?! intercostal 
muscle or diaphragmatic contraction due to pacing 
stimuli??!,22 and the occurrence of a friction rub. 
However, none of these are absolute indications of 
perforation. A right bundle branch block pattern can 
result from coronary sinus pacing and on occasion, even 
from normal right ventricular endocardial pacing. 
Usually, diaphragmatic and intercostal pacing occur in 
patients whose pacemaker electrode is in the right 
ventricular cavity? or is inadvertently placed in the 
coronary sinus.?? 

Friction rub without perforation: Development 
of a friction rub in the absence of myocardial infarction 
or other potential source of pericarditis has been re- 
garded as strong evidence of myocardial perforation.?*:*4 
However, our two cases and a review of the current 
published reports indicate that a friction rub may be a 
common result of normal endocardial electrode position. 
A transient pericardial rub was reported by Morris et 
al.’ in 5 of 51 patients after placement of permanent 
transvenous pacemakers. There were no signs or 
symptoms of pericardial involvement in any; in three 
patients studied using radioisotope scanning and right 
atrial injection of carbon dioxide no accumulation of 


812 November 1977 The American Journal of CARDIOLOGY Volume 40 


SNR TL RE ate A a ree VPET SETH OAT TLE CS 
; y CODE 4 y 


TES PRET RT. SNE | TE a a a r E 











pericardial fluid was demonstrated. In one fluoroscopic friction rub whose characteristics were inconsistent with 
study of 31 patients with a permanent pacemaker, in a tricuspid valve mechanism: There was no respiratory _ 
whom myocardial perforation or penetration was de- variation, V waves in the jugular venous pulse were 
duced from the relation of the electrode tip to the epi- normal and the rub was evident during diastole. Silent 
F cardial fat pad, 2 of 4 patients with a friction rub had no myocardial perforation was excluded in the first patient 
evidence of perforation.?3 Our patients had a clear-cut by the finding of a normal epicardium and pericardium — | 
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heart sound (S4) is followed by a systolic murmur 
(SM) and late systolic rub (R). Mid-diastolic and 
presystolic rubs (R) occur after the second heart 
sound (S2). B, phonocardiogram recorded imme- 
diately after pacemaker withdrawal. The three 
component rub is no longer present. LSB = left 
sternal border; other abbreviations as in Figure B | 


APEX 
FIGURE 2. Case 2. A, phonocardiogram recorded 
immediately before pacemaker removal. The first 





BY 814 November 1977 The American Journal of CARDIOLOGY Volume 40 


TT ya Sawai Soran a SO re ce ali od ET O E colt ys at 
PACEMAKER-INDUCED FRICTION RUB GLASS MANET AL. 





at operation and, in the second patient, on the basis of 
the electrocardiogram recorded from the distal electrode 
during pacemaker withdrawal. In the presence of per- 
foration, the distal electrode electrogram during pace- 
maker withdrawal consistently reveals a change in the 
QRS vector, as well as appearance and disappearance 
of a marked current of injury!”; these changes did not 
appear in our patient. Further evidence against perfo- 
ration was the absence of any clinical indication of 
pericardial involvement in either patient. 
Endocardial friction rub: The most likely mecha- 
nism for the auscultatory findings described is that they 


= represent “endocardial friction rubs” due to contact of 


the pacing wire with the inner surface of the myocar- 





dium. Like a pericardial friction rub, an endocardial rub 
should also be audible during the three phases of the 
cardiac cycle when the ventricle moves rapidly—with 
early rapid diastolic filling, in response to accelerated 
filling after atrial contraction and with ventricular 
systole. As the catheter is withdrawn from the ventricle 
into the atrium, the rub simultaneously disappears as 
expected. This source would simulate the contact of a 
calcified myxoma with the right ventricular endocar- 
dium, presumed by Hubbard and Neil? to be the ex- 
planation for the endocardial friction rub described in 
their patient. The “pericardial” rubs previously de- 
scribed in patients without evidence of perforation may 
well be due to this mechanism. 
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A case of traumatic right coronary artery-right ventricular fistula secondary 
to a gunshot wound is presented. In addition, the bullet was retained within 
the interventricular septum. The diagnostic approach, surgical findings 
and operative procedure of this and other reported cases are discussed. i 
Several key points are emphasized. First, extended follow-up is necessary F- 
after trauma to the heart since fistulas may develop years after the initial 
injury. Second, surgery is generally indicated for fistulas although some 

data are presented suggesting that small to moderate fistulas may be 
treated medically. Third, if surgery is undertaken, very careful operative — 

technique must be utilized to locate and close the fistula. Surgical treat- iz 
ment of choice may be coronary arterial ligation with a distal bypass graft 
if necessary. Postoperative evaluation is mandatory because fistulas may — 
recur. Indications for removal of a foreign body within the myocardium — 
are also discussed. 


Trauma to the heart, both penetrating and nonpenetrating, is com- — 

mon.'~ A variety of cardiac defects have occurred as a result of trauma, 
including ventricular septal defects, aorta to right ventricular or right 

atrial fistulas and lacerations of the coronary arteries. Structural damage _ 
to the myocardium, conduction system and heart valves has also been 
described.!6-8 Traumatic fistulas between a coronary artery and one or 
more heart chambers are exceedingly rare; 14 cases have been re- — 
ported.39-21 In our case a bullet wound to the heart severed the proximal — 

right coronary artery and resulted in an acute inferior myocardial in- 
farction and subsequent formation of a right coronary artery-right 
ventricular fistula; the bullet was retained within the interventricular _ 
mn: This combination of findings has not previously been re- — 
ported. a 


Case Report 


A 39 year old man sustained a gunshot wound to the right side of the chest. 
On admission to a local hospital, he was unconscious and in shock. He responded si 
to initial supportive therapy. There were no signs of pericardial effusion or _ 
tamponade. The admission electrocardiogram revealed an acute inferior myo- 
cardial infarction (Fig. 1). Chest X-ray examination revealed a bullet in thein- ~ 
ferior mid aspect of the cardiac silhouette (Fig. 2). The patient recovered un- _ 
eventfully. During routine follow-up examination 1 month later, a grade 3/6 high 
pitched continuous murmur was heard along the left sternal border and the — 
patient was referred to Brooke Army Medical Center for further evaluation. 

The patient underwent right and left heart catheterization at rest and during 
submaximal supine bicycle exercise. Resting hemodynamic and pressure data 
were within normal limits. During exercise, left ventricular end-diastolic pressure 
increased to 18 mm Hg and pulmonary arterial pressure to 40/16 mm Hg. Hy- 
drogen response curves documented a left to right shunt at the ventricular level. — g 
The pulmonary/systemic flow ratio, calculated from oximetry values, was — i 
1.3:1. 
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FIGURE 1. Twelve lead electrocardiogram 



































demonstrating loss of inferior forces con- 



































Biplane left ventricular cineangiography was performed. 
After injection into the left ventricle, contrast material filled 
the right ventricular cavity from the right coronary artery. 
With both ventricles opacified the septum was outlined and 
the bullet appeared to be within its inferior aspect (Fig. 3). The 
left coronary arteriogram was normal. The distal right coro- 
nary artery filled in retrograde fashion from the left coronary 
system. On selective injection the proximal right coronary 
artery filled for 3 cm; contrast material then traversed the 
myocardium and entered the right ventricular cavity (Fig. 4). 
No antegrade filling of the distal right coronary artery oc- 
curred. 

The patient underwent surgery approximately 4 months 
after injury. On direct palpation of the heart, a thrill was felt 
over the right atrioventricular (A-V) groove. The right coro- 
nary artery was exposed proximal to the area of the thrill and 





sistent with an inferior myocardial infarc- 
tion. 1, 2, 3 = leads |, II and Ill. 


was traced distally to a region of scar tissue, where it appeared 
to enter the right ventricle. The distal right coronary artery 
could not be located. After ligation of the right coronary artery 
proximal to the area of scar tissue, the thrill was no longer 
palpable. Four months after surgery, the patient was 
asymptomatic and no murmurs were audible. 


Discussion 


Coronary artery-cameral fistulas secondary to trauma 
are exceedingly rare. Fourteen reported cases**-*! are 
summarized in Table I. Twelve cases occurred after 
penetrating wounds (seven gunshot, three shrapnel, two 
knife) and two cases after blunt trauma. The most 
common fistula was between the right coronary artery 


FIGURE 2. Chest roentgenograms 
demonstrating a bullet in the inferior 
mid region of the heart (arrow). 
Left, frontal projection. Right, lat- 
eral projection. 
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and right atrium (seven cases), followed by left anterior 
descending artery to right ventricle (four cases), and one 
case each of left anterior descending artery to left ven- 
tricle, right coronary artery to right ventricle and right 
coronary artery to both right atrium and right ventricle. 
The initial appearance of murmurs indicating a fistula 
ranged from immediately after injury to 4 years later. 
Where left to right shunts were quantitated, the pul- 
monary to systemic flow ratios ranged from 1.3:1 to 
2.1:1. In our case with a fistula between the right coro- 
nary artery and right ventricle the pulmonary to sys- 
temic flow ratio was 1.3:1. 

Eleven patients underwent surgical procedures for 
ligation of either the coronary artery involved or the 
fistula. In six of nine patients whose fistula was ligated 
but whose coronary artery was not, continuous murmurs 
reappeared hours to months after surgery. Four patients 
were operated on a second time for reclosure of the fis- 
tula. No murmurs recurred in the two patients whose 
involved coronary artery was ligated. 

Surgical decisions and indications: Our case was 
unique in two aspects. It involved an isolated right 
coronary artery-right ventricular fistula secondary to 
a penetrating wound. It also included the secondary 
problem of a retained bullet within the myocardium. 
The combination of the fistula and the retained bullet 
presented two surgical dilemmas: (1) Should the fistula 
be closed, and (2) should the bullet be sought and re- 
moved? 

The existing reports22-*4 relating to retained foreign 
bodies within the myocardium render the second 
question more easily answered. There is considerable 
agreement that a foreign body should be removed for 
the following indications: (1) free-floating location, (2) 
interference with valve function, (3) size greater than 
10 mm in two dimensions, (4) recurrent emboli, (5) en- 
docarditis, (6) migration of the object, (7) recurrent 
pericardial disease, (8) sharp, jagged shape, and (9) in- 
capacitating neuroses. There is much evidence that a 
small foreign body well embedded in an area causing no 
interference with cardiac function may safely be left 
alone.”4 Our patient had none of these manifestations; 
therefore, no attempt was made to remove the bullet. 


FIGURE 4. Right coronary arterio- 
gram. Contrast material fills the 
proximal 3 cm of the right coronary 
artery (RCA) and then opacifies the 
right ventricle (RV) by way of a 
coronary-ventricular fistula (arrow). 
Intramyocardial streaking is dem- 
onstrated best in the left anterior 
oblique projection (right). Left, right 
anterior oblique projection. 
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FIGURE 3. Left ventriculogram, left anterior oblique projection. After 


injection into the left ventricle (LV), the right ventricle (RV) is opacified 
by way of the right coronary artery (RCA) fistula, outlining the inter- 
ventricular septum (IVS). The bullet lies within the septum. Ao = 
aorta. 


The more difficult decision was whether to operate 
on a coronary artery-cameral fistula with a small shunt. 
Some reported indications for surgery are: (1) risk of 


development of congestive heart failure secondary to — 


left to right shunt, (2) risk of subacute bacterial endo- 
carditis, (3) marked dilatation of the coronary artery 
with aneurysm formation and possible rupture, and (4) 
occurrence of ischemia secondary to partial obstruction 
of the distal coronary artery in situations where the 
artery has not been totally disrupted. However, there 
is debate about whether the potential for these problems 
is an adequate indication for surgery in a patient with- 
out a large shunt.??6 No data are available as to 
whether early surgery will prevent coronary artery di- 
latation, aneurysm formation or atherosclerotic 
changes. The potential for progressive dilatation and 
aneurysm formation of the involved coronary artery, 
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| TABLE! 
| Review of 15 Reported Cases of Traumatic Coronary Arterial Fistula 


Case 
no. 


| 1 


Í 
| 


10 


11 


12 


13 





Reference 
Parmley et 
al.$ 


Jones and 
Jahnke? 


Tsagaris and 
Busta- 
mante? 


Storey and 
Kuzman"! 


Sarot et al. '2 


Forker and 
Morgan '$ 


North et al.'4 


Lynn and 
Fay'5 


Constantino 
etal.! 


Siepser et 
al.'7 


Cheng and 
Adkins "8 


Libertson et 
al.'9 


Aaron and 
hen29 


a, Se oro 
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Type of 
Wound 


Shrapnel 


Gunshot 


Shell 
fragment 


Gunshot 


Stab wound 


Contusion 
from auto 
accident 


Gunshot 


Contusion 
from auto 
accident 


Gunshot 


Gunshot 


Stab wound 


Gunshot 


Shell 
fragment 


Site of 
Fistula 


RCA-RA 


RCA to RA + 


RV; VSD 


RCA-RA 


RCA-RA 


RCA to right 


coronary 
vein to RA 


LAD-RV 


RCA-RA 


RCA-RV 


LAD-RV 


RCA-RA 


LAD-LV 


LAD-RV 


RCA-RA 
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Time From 
Injury 
to Murmur 


2 wk 


Immediate 


2mo 


2yr 


19 days 


4yr 


12 days 


7mo 


2mo 


Several days 


7 wk 


3 days 


18 days 


ECG 
Findings 


Nonspecific T 
wave 
changes 


Inferior and 
posterior 
infarction 


Inferior 
infarction 


Right bundle 
branch 
block 


Anteroseptal 
infarction 


Anterior 
infarction 


Inferior 
infarction 


NA 


Normal 


Inferior 
infarction 


Anterolateral 
infarction 


Nonspecific T 
wave 
changes 


Nonspecifio 
rounding 
and 
flattening of 
T waves 
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Management 
of Fistula 


Nonsurgical 


Surgical: closure of 
each of 3 fistulous 
openings found, 
closure of VSD 


Surgical: ligation of 
atrial end of fistula 


Surgical: fistula 
closed, RCA 
ligated proximal to 
orifice of fistula 


Surgical: transsected 
and ligated 
fistulous tract 
between RCA and 
accompanying 
vein 


Surgical: suture 
placed under the 
LCA, presumably 
eliminating the 
fistula 


Surgical: closure of 
fistulous orifice 
within the right 
atrium 


Surgical: initial 
surgery patched a 
fistulous opening 
in the RV outflow 
tract 


Nonsurgical 


Surgical: closure of 
fistula between 
RCA-RA. Use of 
saphenous vein to 
reconnect 
proximal to distal 
RCA 


Surgical: ligation of 
afferent and 
efferent limbs of 
LAD leading in and 
out of an arterial 
aneurysm with 
excision of the 
aneurysm and 
removal of a 
fistulous tract to 
the LV 


Surgical: LAD and 
fistula undersewn. 
A saphenous vein 
bypass graft 
placed from aorta 
to distal LAD 


Surgical: orifice of 
fistula closed from 
within atrium 








Results and 
Follow-Up 


Stable 2:1 Qp/Qs ratio. 
No congestive failure. 
20 yr follow-up 


Murmur recurred 3 wk 
postoperatively. Study 
revealed small RCA 
to RA fistula. No 
further surgery 


Murmur recurred after 
24 hr. Second 
operation performed 
2 mo later with 
reclosure of fistula 


Asymptomatic without 
recurrence of murmur 
after 7 yr 


Murmur recurred several 
hours postoperatively. 
A second fistulous 
tract found between 
RCA and venous lake 
was ligated and 
divided. Patient 
asymptomatic without 
murmurs after 2 yr 


Murmur recurred after 3 
mo. Fistula identified 
and ligated. No 
recurrence after 2 yr 


No further complications 
noted. Follow-up time 
not indicated 


Murmur recurred after 6 
wk. Second operation 
ligated the RCA. 
Follow-up after 5 yr 
showed no 
recurrence 


No follow-up 


No recurrent problems 
over short follow-up 
period 


Development of new 
pansystolic murmur 
of unknown origin 


Murmur recurred 5 days 
postoperatively. After 
6 mo, only a systolic 
ejection murmur was 
noted and the patient 
was asymptomatic 


No recurrence at 6 mo 
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TABLE | (cont’d) ‘4 
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Time From 
Case Type of Site of Injury ECG Management Results and 7 
no. Reference Wound Fistula to Murmur Findings of Fistula Follow-Up ; 
14 Reyes etal.?! Gunshot LAD-RV 7 days Possible Nonsurgical Asymptomatic 2 years 
anterior after injury 
infarction 
15 Present case Gunshot RCA-RV 1mo Inferior Surgical: ligation of Asymptomatic without 


infarction fistula murmur at 4 months 


ECG = electrocardiographic; LAD = left anterior descending coronary artery; LCA = left coronary artery; LV = left ventricle; NA = not available; — 
rts = pulmonary/systemic flow ratio; RA = right atrium; RCA = right coronary artery; RV = right ventricle; VSD = ventricular septal de- 
ect. 
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and possible increase in shunt size, are still considered 
indications for surgery. Our patient was operated on in 
hope of preventing aneurysmal dilatation of the coro- 
nary artery and an increase in the left to right shunt. 
Clinical implications: Review of the published re- 
ports on traumatic fistulas raises three significant issues. 
First, any patient with significant penetrating or non- 
penetrating trauma to the chest and heart should have 
continued medical follow-up. The appearance of mur- 
murs of fistulas as late as 4 years after the predisposing 
injury suggests that the effects of pressure and time on 
a weakened portion of myocardium may be the cause 
of eventual erosion and creation of a fistulous tract. The 
second issue involves the indications for surgery. Pa- 
tients with both congenital and acquired coronary ar- 
tery-cameral fistulas have manifested stable clinical and 
hemodynamic measurements during long follow-up 


periods.?526 However, the consensus has been that 
surgery is indicated to prevent increasing shunt size, 


development of congestive heart failure and aneurysmal 


dilatation of the coronary artery. It is also possible that 
such aneurysms and fistulas could predispose to ath- 
erogenesis or thrombogenesis and myocardial infarction 
as described in congenital coronary aneurysms.2725 — 
Third, it is extremely difficult to isolate and perma- 

nently ligate the fistulous tract within the myocardium: — 
Murmurs redeveloped in six of the nine patients whose 
coronary artery was not ligated. Therefore, ligation of 

the proximal coronary artery may be the procedure of 
choice. In cases where distal perfusion is not inter- 
rupted, ligation of the coronary artery proximal and 
distal to the fistula with a distal bypass graft may be 


necessary. Because some murmurs redevelop months 


after surgery, periodic reexaminations are indicated. 
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Pheochromocytoma of the Urinary Bladder: 
_ A Broad Clinical Spectrum 


| A. JARRELL RAPER, MD, FACC A case of pheochromocytoma of the urinary bladder is reported, and 
| E. FORREST JESSEE, MD 35 previously reported cases are analyzed. This interesting entity can 
JOHN H. TEXTER, Jr., MD present with symptoms of catecholamine excess and severe hypertensive 
RONALD F. GIFFLER, MD spells (often micturition-induced) or as asymptomatic hematuria without 


SVEN-OLA HIETALA, MD hypertension. The present case represents the severest end of the clinical 


spectrum, with advancing acute retinopathy and visual loss, very high 
blood pressure and greatly increased catecholamine excretion. Several 
special precautions were utilized during diagnostic studies and surgery. 
On the whole, prognosis is excellent in nonmalignant cases properly 
handled, and the location of the tumor provides opportunity for early case 
finding and complete cure. 


Richmond, Virginia 


Pheochromocytoma, despite its rarity as a cause of hypertension (less 
than 1 percent), remains an important concern.! This is so because 
pheochromocytoma-induced hypertension is notorious for its severity, 
variability and difficulty of pharmacologic control. However, complete 
surgical removal often affords life-long cure; thus, clinicians must be ever 
alert to its possible presence. 

Although 90 percent of pheochromocytomas are located in the adrenal 
medulla, 10 percent are “ectopic,” and their diagnosis and localization 
can defeat the most assiduous search.? Pheochromocytomas have now 
been reported in all known areas that contain chromaffin cells. 

The first case of pheochromocytoma of the urinary bladder was re- 
ported by Zimmerman et al. in 1953. Case reports now total 35, allowing 
detailed description of the presentation, diagnosis, behavior and oper- 
ative outcome of this interesting entity. One new case illustrative of many 
major features is presented, with a discussion of where this case stands 
in relation to what is now seen to be a very wide spectrum of clinical se- 
verity. 


Case Report 


A 20 year old housewife had increased blood pressure 4 months into her first 

pregnancy, 11 months before admission to this hospital. Hydrochlorothiazide, 

50 mg twice daily, produced improvement. Outpatient blood pressure before 

delivery was 95 to 150/80 to 110 mm Hg. A healthy female infant was delivered 

normally (in another city). Six weeks later, the patient’s blood pressure was 

160/110 mm Hg on several occasions, but was 162/130 mm Hg on a single reading. 

Serum electrolytes and urinalysis were normal. An intravenous pyelogram 

showed bilateral hydronephrosis and hydroureter (compatible with recent 

pregnancy), with function seen on rapid filming. Methyldopa, 250 mg daily was 

added and an intrauterine device inserted. Diastolic blood pressure continued 

From the Departments of Medicine, Surgery, Pa- to be greater than 100 mm Hg. Two weeks before admission, she had right central 

thology and Radiology, Medical College of Virginia, visual loss, and 5 days later the vision in the left eye became blurred. Methyldopa 
Virginia Commonwealth University, Richmond was stopped 2 days before admission. 


irginia. M ipt received February 14, 1977; i he 2 F : 
‘hen ei i ee April nights aie The patient related an 8 to 10 month history of “spells” associated with 


cepted April 6, 1977. micturition—palpitations, severe pounding headache, a salty taste in the mouth 

Address for reprints: A. Jarrell Raper, MD, and generalized fatigue afterwards. For this reason, she often delayed micturition 
Medical College of Virginia, Box 105, MCV Sta- for as many hours as possible. There had been no spells with bowel movement, 
tion, Richmond, Virginia 23298. intercourse or delivery. 
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TABLE | 


Catecholamine and Vanillyimandelic Acid (VMA) Excretion Before and After Resection of Tumor 


Time (days) 
5 —4 =—2 =1 +1 +4 +6 +135 
Catecholamines (ug/24 hr) 440 Lene oi 1,120 850 175 39 50 54 
VMA (mg/24 hr) 4 Z 18 18 6 1.4 La 2 





— denotes preoperative, + denotes postoperative. Note that excretion did not fall to normal during the first 24 hours after surgery. (Normal = 
115 ug catecholamines per 24 hours, 11 mg vanillylmandelic acid per 24 hours.) 


On admission, blood pressure was 178/130 mm Hg supine, 
183/142 standing and 194 systolic in the right ankle. Heart 
sounds were strong and heart rate was 124 beats/min. The 
optic disc edges were sharp, but there were soft fluffy exudates 
and multiple fresh linear striate hemorrhages in the right 
retina (confluent in some areas). There were also numerous 
fresh linear striate hemorrhages in the left fundus. Cerebral 
function was intact, cranial nerves II to XII were normal, as 
were motor function and sensation. 

Micturition-induced hypertensive crises and drug 
therapy: Treatment with intravenously administered sodium 
nitroprusside was begun, and her blood pressure became 
controlled and stable at 132/100 mm Hg at a dose of only 50 
ug/min. After voiding, she had a severe headache with an in- 
crease of blood pressure to 300+/170 mm Hg. Multiple pre- 
mature atrial, junctional and ventricular contractions were 
noted on the electrocardiographic monitor. Pupils were noted 
to be widely dilated. Five minutes later blood pressure was 
160/120 mm Hg, she felt much better and the pupils were 
normal. She recalled a marked “salty taste” during the height 
of the spell. 

Three hours later, a Foley catheter was inserted into the 
bladder. Blood pressure increased from 140/100 to 260/160 
mm Hg; the patient felt hot and had a headache, and the pu- 
pils became again widely dilated. Intravenous injections of 
phentolamine, 10 mg, reduced the blood pressure to 140/90 
mm Hg, but the heart rate rose to 150 beats/min, and pro- 
pranolol, 1 mg intravenously, was used. Later the patient had 
a subjective urge to void (despite adequate functioning of the 
catheter) and had a severe headache, salty taste in the mouth, 
dilated pupils, blood pressure of 300+/190 mm Hg and a loud 
third sound gallop. Multiple premature atrial and ventricular 
beats occurred. Treatment with phentolamine returned the 
blood pressure to 130/85 mm Hg. 

Treatment with orally administered phenoxybenzamine 
and propranolol was begun in increasing doses, and admin- 
istration of nitroprusside tapered and discontinued. Ortho- 
static hypotension developed, and blood pressure was 164/112 
supine, 134/100 seated and 95/? mm Hg standing (during 
treatment with phenoxybenzamine, 90 mg/day in divided 
Ee The dose of propranolol was increased to 120 mg/ 

ay. 

Diagnostic procedures: Results of routine laboratory 
work, including electrocardiogram, chest X-ray, complete 
blood count, multiple biochemical testing, serum electrolytes 
and urinalysis, were noncontributory. Platelets were 
255,000/mm, fibrinogen 380 mg/100 ml, prothrombin time 
13/13 sec, blood urea nitrogen was 8 to 11 mg percent and 
blood glucose 100 mg/dl. Urinary catecholamines and vanil- 
lylmandelic acid were markedly increased on several deter- 
minations (Table I). 

Considerable urgency was felt about the patient’s condition 
because of the advanced retinopathy and chance of permanent 
visual damage (left eye visual acuity 20/90). 

Extensive abdominal arteriography (aorta, renal, adrenal 
and bladder areas) was performed. The bladder study dem- 


onstrated a large very vascular tumor (Fig. 1). (Cystogram was A 
not confirmatory.) Additional medical staff attended the 
patient during angiography. A total of 55 mg of phentolamine, 


been exceedingly dangerous in this patient. After the angi- _ 
ography, liberal hydration was used because of the patient’s 

lack of oral intake, upcoming surgery, recent use of contrast. 
media and reported incidence of blood volume contraction in og 
patients with pheochromocytoma. 


Surgical treatment: Preparations in the operating room 
included the presence of the usual anesthesia staff, with the 
addition of an internist to monitor pharmacologic control of © 
blood pressure and heart rate. A central venous catheter was _ 
placed and intravenous fluids were given to attain a central 
venous pressure of 3 to 5 cm water. An intraarterial catheter — 
was attached to a transducer and meter for instant readout 
of systolic blood pressure. Pelvic examination and cystoscopy 
were performed under anesthesia, confirming the presence 
and location of the tumor in the bladder dome, covered with — 
mucosa and well away from ureters and urethra. Seven in- 
travenous injections of 5 mg of phentolamine and 1 mg of 
propranolol were required during and shortly after induc- p 
tion. ; 


incision. Even the i traction or movement of the tumor _ : 
produced marked elevation of the systolic and diastolic blood _ 
pressures. During manipulation of the tumor phentolamine _ 
was infused intravenously at the rate of 0.2 to 2.0 mg/min; four — 
5 mg ampules of phentolamine were also given by intermittent _ 
intravenous injection. Suture ligatures were placed into the — 
bladder wall completely surrounding the tumor and isolating — 
it from the systemic circulation. As soon as the last suture was 
secured and the venous drainage from the tumor was no ae A 
present, the patient’s blood pressure stabilized and the mass 
could be manipulated without blood pressure changes. After 
resection of the tumor, blood pressure decreased to slightly 
subnormal, then stabilized. Palpation of both adrenal areas 
and the paraspinal areas through the incision produced no 
significant changes in blood pressure or heart rate. É 


Postoperative course: Postoperatively, the ocular fundi a Ý 
seemed slightly worse, but this was attributed to spread and 
edema of the original hemorrhages. Vision improved. Heart 
rate was 136, 128 and 100/min on successive days. Except for 
a single elevation of 150/100 mm Hg immediately postoper- 
atively, blood pressures remained normal thereafter, without 
any antihypertensive medication or alpha or beta adrenergic 
blockade. A normal voiding pattern resumed (without — 
spells). x 

When seen as an outpatient 2 months later, the patient had — 
had no further spells, vision was normal, blood pressure was 
110/72 mm Hg and the linear striate hemorrhages in the fundi 
had cleared. Twenty-four hour urinary catecholamine ex- 
cretion was 54 ug/24 hours (normal). 
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FIGURE 1. Selective bilateral angiogram of the urinary bladder. A, arterial phase. Multiple arterial vessels from both sides supply the tumor. B, early 
capillary phase. There is a dense and rather homogeneous accumulation of contrast medium in the capillary phase. The venous phase (not shown) 
demonstrated early filling of multiple tortuous veins. 


Histology: For pathologic study of the tumor, sections for some clustering late in the fourth decade of life (nine patients, 
light microscopy were fixed in Zenker’s solution, and in Orth’s aged 34 to 39 years). 
solution and stained with hematoxylin-eosin. Tissue for Presentation: The duration of symptoms before diagnosis 
electron microscopy was fixed in 2 percent cacodylate-buff- varied from 1 month to many years. The most common 
ered glutaraldehyde prepared in the usual manner and stained symptom was headache (23 patients, 66 percent), but other 
with uranyl acetate and lead citrate. symptoms of micturition-induced catecholamine release also 

The light microscopic appearance was typical of pheo- less commonly brought patients to medical attention (palpi- 
chromocytoma (Fig. 2A). The tumor was composed of rounded tations, fatigue and anxiety). An intense salty taste in the 
nests and trabeculae of polygonal cells surrounded and sep- mouth was present in only one case (before our case). Symp- 
arated by vascular connective tissue. Nuclei were oval, ve- toms were commonly initiated by urination (63 percent) but 
sicular and largely eccentrically placed. The cytoplasm was only rarely by defecation (3 percent) or sexual intercourse (3 
eosinophilic, granular and displayed intense chromaffinity percent). Spells initiated by labor and delivery were not re- 
with both Zenker’s and Orth’s solution, demonstrating tissue ported. Serious visual impairment was not reported. The sole 
catecholamines. symptom was visible hematuria in 17 percent. 

On electron microscopy, tumor cells were irregular in out- Diagnosis: Cystoscopy (performed in 87 percent of cases) 
line, with frequent interdigitating processes (Fig. 2B). The demonstrated the tumor in almost all instances (90 percent). 
cytoplasm contained numerous dense membrane-bound In a single case, results of cystoscopy, cystogram and urinary 
granules measuring 90 to 400 nm. (These structures represent catecholamine studies were normal, but selective pelvic vein 
the dark granules associated with norepinephrine production sampling led to exploration, which demonstrated the tumor.* 
and have been previously reported.?.*) Occasional granules In several cases, aortograms were not helpful. Catechol- 
had prominent clear spaces between the dense core and sur- amine studies (when performed) were also often normal (33 
rounding membrane. A second type of secretory granule, percent). The bladder phase of the intravenous pyelogram or 
lighter and larger, is associated with epinephrine production.” cystogram was performed in 27 patients, but was normal in 
Light granules were not identified in our case, although on 14 (51 percent). 
clinical grounds (arrhythmia) we suspect that this patient did Location: Most tumors (59 percent) were in the wall of the 
have a large proportion of epinephrine from her tumor (our bladder away from the trigone, but several involved ureters 
biochemical methods do not distinguish norepinephrine from or urethra. 
epinephrine). Severity: Sustained hypertension was often present (28 , 

Review of Published Reports percent). Hypertensive episodes were present in 31 percent, 
and were “severe” (diastolic blood pressure greater than 125 

Review of published reports of 35 previous cases revealed mm Hg) in 20 percent, “mild” (diastolic blood pressure 95 to 
the following: 124 mm Hg) in 11 percent. Acute retinopathy was unusual (12 

Age and sex: Both sexes are represented, from ages of late percent). Other hypertensive complications were not re- 
childhood (11 years old) to elderly (71 years old); there was ported. 
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FIGURE 2. Histologic sections 


of tumor. A, light microscopy. Ar- © #23 
chitecture consists of cell nests and ~ 


trabeculae surrounded by delicate 
fibrovascular septae, with pleo- 


morphism, but only rare mitotic a4 


activity. B, electron microscopy. 
Chromaffin cells show numerous 
membrane bound granules with 


dense cores. Also present are fre- ` 


quent mitochondria and rough en- 
doplasmic reticulin. Insert, high 
power shows secretory granules. 
Several have their dense cores 
eccentrically placed in relation to 
their limiting membranes. (X100 
[A], X9,900 [B] and X44,000 [in- 
sert], reduced by 88 percent [A] and 
86 percent [B and insert].) 
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Surgery: Operative deaths v were uncommon (6 percent): 
One of the two patients who died was.already in extremis 
(acute renal failure, shock) before surgery began; the other 
patient died in respiratory arrest during anesthesia and cys- 
toscopy.7-9 Partial cystectomy was curative (100 percent) in 
the immediate postoperative period, but long-term follow-up 
data are scarce. 1°29 Two attempts at cure by resection via the 
transurethral route were. followed by recurrences. Partial 
cystectomy was then employed (one cure). Five cases (14 
percent) are known to have been malignant, by discovery of 
metastases jn lymph nodes or follow-up data, or both. 


Comments 


Pheochromocytoma of the urinary bladder affects all 
ages and both sexes. It presents in a variable fashion, 

with or without severe symptoms of catecholamine re- 
lease, with and without severe hypertensive episodes or 
sustained hypertension. Its manifestations are thus 
protean, and no doubt it eludes diagnosis in an unknown 
roportion of cases. Visible hematuria may also bring 
he patient to medical attention. 

The tumor is almost always seen on cystoscopy, but 
may not be visible in the aortogram, although selective 
angiography can be useful. The bladder phase of the 
intravenous pyelogram or cystogram will often be nor- 
al. Catecholamine studies, helpful if abnormal, may 
e negative. Most tumors are in the bladder wall, away 
from the trigone, but either the ureter or the urethra 
may be involved, requiring appropriate modification of 





Partial cystectomy is curative (in the short term), but 
ansurethral resection has not succeeded and probably 
hould be discouraged. Malignancy occurs in at least 14 
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as percent; ‘postoperative follow-up ‘studies should be. 


carried out to detect residual tumor. 

It is apparent that this entity causes a very wide — 
spectrum of clinical severity. At the least, it can be an 
incidental finding discovered during investigation of 
hematuria, of only (probable) future hemodynamic 
importance. On the other hand, the tumor can cause 
important and alarming symptoms and hypertensive 
episodes, and can clearly be life- threatening on occasion. 
It seems likely that the location of the tumor, through 
visible hematuria or through micturition-induced 
symptoms, brings the patient to medical attention early, 
when investigation and cure are easiest. The prognosis 
in benign tumor, properly handled, is excellent. 

In regard to the wide clinical spectrum of this tumor, 
our patient appears to have harbored the most severe 
benign tumor ever reported. This is judged to be so be- 
cause of her severe acute retinopathy, with pronounced 
and progressive visual impairment, her alarming 
symptoms and hypertensive episodes (the highest 
pressure readings ever encountered), the very large re- 
quirement for acute alpha blockade medication (despite 
oral administration of phenoxybenzamine) during in- 
vestigation and surgery, the vascularity of the tumor, 
the very high catecholamine excretion rates and the. 
slowly resolving sinus tachycardia present for 48 hours 
after resection of the tumor. Although perhaps not 
critical in cases of lesser severity, it seemed certain that 
angiography, cystoscopy, pelvic examination and sur- 
gery would have been quite perilous in this patient 
without the presence of extra medical staff to observe — 
and manage her heart rate and blood pressure. 
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Rupture of the Papillary Muscle of the Triscupid Valve 


— a Complication of Cardiopulmonary Resuscitation and a Rare Cause of 
pares Insufficiency 












` JOSEPH L. GERRY, Jr., Rupture of a papillary muscle is a rare occurren 

BERNADINE H. BEY ta FACC described in whom rupture of a papillary muscle : 
GROVER M. HUTCHINS, MO developed after external cardiac massage during c 
Ba iin more, Matyland suscitation. One of these patients survived briefly w 
Fes of triscupid regurgitation immediately after resusc 
cuspid valve papillary muscle rupture has been descr 
cation of bacterial endocarditis, chest trauma andn myo 





dilated right ventricle may bë more susceptible to this re comet 
of cardiopulmonary resuscitation. : 


ag Aa may be associated with acute trannetis compli 
as rib fractures, hemothorax, hemopericardium, bone marr 
and liver hematomas.” We observed two patients who di 
at cardiopulmonary resuscitation and who had. ruptured rig 
papillary muscles at autopsy: Tricuspid valve papillary mt 
with subsequent tricuspid regurgitation isa potential probl l 
surviving cardiopulmonary resuscitation. co gh 





Case Reports . 


Patient 1; A 39 year old woman with chronic renal failure was adr 
hospital for hemodialysis. She had a history of urinary tract infect 
experienced hypertension 2 years before admission. Symptom 
heart failure, cardiomegaly and. a grade 2/6 apical systolic 


periodic peritoneal dialysis. Pertinent physical fi indings: chided ab y 
of 210/115 mm | Hg and hypertensive pees The card c Apex 


i a showed mpi ST-T wave e anres 
On admission, the patient was asymptomatir but had m 





cardiac arrest from which she was successfully resuscitated wW 


55 Poin Wie. Caliiovascular Division of the Depart- external cardiac massage for more then 60 minutes. However, aft 
pneri ment of Medicine and the Department of Pathol- she had a central venous pressure of 52 em water without signs of lefi-sid 
ogy, The Johns Hopkins Medical institutions, failure. Although a holosystolic murmur was described after resuscitatio i 
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had had a murmur before her cardiac arrest that was not noted cd a 









Pe See ect: sepsis and empyema. ‘Atrial fibrillation and ven 
~ developed on the day of her death. ‘She died ae atte mpt 
32 days after admission. 
























"FIGURE 1. Case 1. Transverse sections of the heart. Top, the base of 
the heart is viewed from the ventricular aspect. The detached anterior 
papillary muscle (pm) of the tricuspid valve (TV) is visible. Bottom, the 
_ point of attachment from which the papillary muscle head was torn is 
shown by the arrow. LV = left ventricle; MV = mitral valve; PA = pul- 
i k monary artery; RV = right ventricle. 


a 


if 
Ena its point of insertion revealed organizing thrombotic de- 
-posits along the surfaces of separation which had thin 
~ underlying zones of necrotic muscle cells. The kidneys showed 
| end stage renal disease, probably the consequence of pyelo- 
nephritis and hypertension. There were severe broncho- 
_ pneumonia and anoxic destruction of neurons in the central 
4 nervous system. 


_ Patient 2: A 65 year old white man with worsening con- 
| gestive heart failure was admitted for cardiac catheterization 
| and possible mitral valve surgery. Symptoms of congestive 
i heart failure and ankle edema were first noted 1 year before 
x admission. During the ensuing year he was treated for pul- 
| monary edema on multiple occasions. 

. E _ Admission physical examination revealed a systolic blood 
_ pressure of 90 mm Hg. A holosystolic high pitched grade 4/6 
F, = murmur was heard at the lower left sternal border and ra- 
diated to the axilla. The chest roentgenogram revealed car- 
_ diomegaly, and multifocal premature ventricular contractions 
were evident in the electrocardiogram. The patient responded 
well to fluid restriction, but cardiac arrest occurred before 
cardiac catheterization could be performed. He was resusci- 
tated with manual external cardiac massage but had a second 
| cardiac arrest 15 minutes later and died. 
| At autopsy, the heart weighed 680 g and had dilatation and 
hypertrophy of both ventricles. There were severe coronary 
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atherosclerosis and healed and organizing myocardial infarcts 
of the left ventricle. The septal papillary muscle of the tri- 
cuspid valve was detached from its origin from the interven- 
tricular septum (Fig. 2). Histologic examination revealed that 
the torn papillary muscle was coated by a deposit of fresh 
thrombus and that this area of the heart was not involved by 
a myocardial infarct. 


Discussion 


It is rare for the right ventricular papillary muscle to 
rupture.®-!2 The nine previously described cases are 
listed with our two cases in Table I. Trauma, the most 
common cause of rupture, was present in 7 of the 11 
cases; endocarditis and myocardial infarction accounted 
for the rupture in the remaining 4 cases. Parmley et al.,4 
in an autopsy study of 546 cases of trauma, found 24 
cases of papillary muscle rupture but mention only one 
instance of isolated rupture of a tricuspid papillary 
muscle. Almost all of these cases had coexisting myo- 
cardial lesions such as myocardial rupture. 

Rupture of the right ventricular papillary muscle 
occurred in our two patients. In both, trauma related to 
external cardiac massage was the most probable cause 
for papillary muscle rupture because no evidence of 
acute myocardial infarction or endocarditis was found 
at autopsy in either case. We are unaware of any other 
reports of right ventricular papillary muscle rupture 
associated with external cardiac massage. Right ven- 
tricular dilatation was present in our two cases, and it 
is tempting to speculate that the closeness to the ster- 
num of the dilated right ventricle resulted in a greater 
risk of its being directly injured during external cardiac 
massage. Also, wall tension in a dilated ventricle is 
greater and an increase in tension in the papillary 
muscles themselves may predispose to traumatic rup- 
ture. 

Right versus left ventricular papillary muscle 
rupture: The clinical presentation of acute tricuspid 
regurgitation resulting from papillary muscle rupture 
contrasts sharply with that of mitral regurgitation re- 
sulting from left ventricular papillary muscle rupture. 
Most patients with acute mitral regurgitation have a 
fulminant course characterized by acute pulmonary 
edema, circulatory collapse and death within a few 
hours.’ By contrast, patients with acute tricuspid re- 
gurgitation resulting from papillary muscle rupture 
often have a clinical course dominated by other more 
obvious consequences of severe trauma, acute myocar- 
dial infarction, endocarditis or, as in our cases, cardio- 
pulmonary arrest. This explains in part why acute tri- 
cuspid regurgitation resulting from papillary muscle 
rupture can easily be overlooked, especially early in 
the clinical course. In our first case the presence of a 
markedly elevated central venous pressure without left 
ventricular failure was noted immediately after the first 
resuscitation, but tricuspid regurgitation was not sus- 
pected in view of more pressing clinical problems. In 
Case 7 (Table I), obvious physical signs of tricuspid 
regurgitation developed in the setting of an acute 
myocardial infarction, but because the patient’s clinical 
course and death reflected the presence of severe left 





rr 





FIGURE 2. Case 2. Left, the right 
ventricular (RV) outflow tract 
viewed from the ventricular aspect. 
The detached head of the septal 
papillary (pap) muscle is indicated 
by the closed arrow. The point of 
origin on the interventricular septum 
from which it was detached shows 
a roughened irregular area (open 
arrow). Right, on microscopic 
section, the detached head of the 
septal papillary muscle has a fresh 
layer of thrombus on the right cov- 
ering the torn surface of myocar- 
dium (hematoxylin-eosin, X40, re- 
duced by 26 percent). Abbreviations 
as in Figure 1. 


ventricular failure, the diagnosis of right ventricular 
papillary muscle rupture was not made until postmor- 
tem examination. If seriously considered, however, the 
diagnosis should not be difficult. In addition to clinical 
observations, the presence of paradoxic septal motion 


and possibly a flail tricuspid leaflet should be evident 


on echocardiography and support the diagnosis. 
Prognosis and treatment: The hemodynamic con- 
sequences of severe tricuspid regurgitation can often be 
tolerated for extended periods.!3-14 Even total removal 
of the tricuspid valve without prosthetic replacement 
has been performed successfully in a number of pa- 
tients.!° The ability of patients to tolerate this lesion 
should allow ample time for diagnosis and potential 
surgical repair of tricuspid regurgitation in patients with 
papillary muscle rupture. Five of the 11 patients in 
Table I survived for 2 weeks or more after rupture and 
2 of these 5 patients died of postsurgical complications 


TABLE | 


Rupture of the Right Ventricular Papillary Muscle: Review of Reported Cases 





Case Refer- Age (yr) Sur- Clinical Signs After 


not directly related to papillary muscle rupture. Two — 
other patients had surgical interventions and survived — 
for extended periods of time. ve 
Implications: A recent review!® of the experience of 
a large teaching hospital with cardiopulmonary resus- — 
citation noted that close to 20 percent of patients re- q 
suscitated lived to be discharged from the hospital. 
Thus, a significant number of patients would be liable — 
to any potential long-term complications of external — 
cardiac massage. Our cases suggest that right ventricular — 
papillary muscle rupture should be considered a po- — 
tential complication in patients treated with external — 
heart massage, especially in those with right ventricular _ 
dilatation. Tricuspid regurgitation as a result of papil- 
lary muscle rupture should be considered in patients — 
with a history of trauma, myocardial infarction, endo- — 
carditis or external cardiac massage who present with — 
right ventricular failure of obscure cause. f 


no. ence &Sex vival Papillary Muscle Rupture Outcome Cause X 
1 5 2AE O Died Endocarditis eS 
2 6 23F 60 Loud systolic murmur Died Endocarditis og 
3 7 Pe eee, t Died Shrapnel, fractured oy 
sternum a 
4 4 28M 4mo Systolic murmur, pulsatile liver Died postoperatively Trauma, auto accident vg 
5 8 24M... ied Alive, VSD repair Endocarditis E 
6 9 33M 3mo Systolic murmur, increasing with inspiration, Surgery, valvuloplasty; alive Trauma, rib fractures, 
increased JVP, pulsatile liver 9 months later auto accident 7 
f: 10 72F 4wk Pansystolic murmur, increased JVP, Died Myocardial infarction a 
hepatomegaly, pedal edema Se 
8 11 53M 6 wk Cyanosis, systolic murmur, increased JVP, Died, stroke Nonpenetrating trauma 
pulsatile liver nN 
9 12 30M 3days Systolic murmur increasing with inspiration, Alive, surgery Trauma, auto accident  — 
pulsatile liver, increased JVP ; a 
10 j 39F 16days Elevated central venous pressure Died External cardiac massage 
11 if 65M 0 shies Died | External cardiac massage 


* Present cases. à 
JVP = jugular venous pressure; 0 = papillary muscle rupture was not expected during life but was noted at autopsy; VSD = ventricular septal 5 
defect. : 
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TRICUSPID VALVE PAPILLARY MUSCLE RUPTURE—GERRY ET AL. 3 
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LETTERS TO THE EDITOR 


UNUSUAL ECHOCARDIOGRAPHIC MANIFESTATION OF 
PERICARDIAL FLUID 


The demonstration of pericardial fluid posterior to the pos- 
terior left atrial wall by Greene et al.! may be yet another 
application of cross-sectional echocardiography. Unless the 
position and angulation of the hand-directed anterior chest 
wall transducer were known one could not be sure of what 
constituted posterior left atrial wall because the movements 
of the posterior left atrial and posterior left ventricular walls 
were identical, exhibiting motion related to the cardiac cycle. 
The cross-sectional echocardiographic picture clearly dem- 
onstrated fluid posterior to the posterior left atrial wall. 

Pseudoprolapse of the mitral valve? appears to be present 
in their Figure 2,! coincident with posterior motion of the 
anterior right ventricular wall, the interventricular septum 
and the posterior left ventricular and posterior left atrial walls 
as described by Levisman and Abbasi.” 

We recently studied a 56 year old man who had formerly 





smoked and had cough, dyspnea, a right middle pulmonary 


lobe infiltrate and pericardial effusion that proved to be due 
to squamous cell carcinoma of the lung. The present Figure 
A demonstrates identical posterior left ventricular and pos- 
terior left atrial wall movement related to the cardiac cycle as 
well as pseudoprolapse of the mitral valve as seen in Figure 
2 of Greene et al.! The latter investigators did not relate 
echocardiographic findings after pericardiocentesis, but in 
seven patients studied by Levisman et al.? the pseudoprolapse 
disappeared after resolution of the pericardial effusion. 

In our case, the single hand-directed transducer findings 
were similar to those of Greene et al.,! but because of the 
similarity of posterior left ventricular and posterior left atrial 
wall movements we were not certain that the pericardial 
effusion extended posterior to the left atrium. Cross-sectional 
echocardiography as demonstrated by Greene et al.! can be 
helpful in making such a distinction. 

H. Alvarez, MD 
L. Sasse, MD, FACC 
Los Angeles, California 
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REPLY 


The comments of Alvarez and Sassé are well taken. First, the 
left side of our Figure 2 is a view of the left ventricle at the level — 
of the mitral valve. In order to accomplish a mitral-aortic 
sweep the transducer was angulated cephalad and medially — 
so that the aorta and left atrium could be seen. The sector — 
scans in our Figure 3 corroborate the presence of fluid behind — 
the left atrium seen in the M mode echocardiogram. Second, — 
the pseudoprolapse did disappear after pericardiocentesis. as | 
has occurred in several other cases in our laboratory. ; 
It is interesting that the patient that they describe pro 
to have squamous cell carcinoma of the lung because this ' 
also the diagnosis in our case. Since publication of our report 
we have seen two additional patients (one with carcinoma of 
the lung and another with metastatic carcinoma of the lung) — 
whose echocardiogram also demonstrated fluid behind the left 
atrium. a 
We regret that Dr. David Greene could not add his opinion E 
to this letter. He died in December 1976. 
Jack J. Kleid, MD, FACC 
Sriramalu Naidu, MD 
Division of Cardiology Ez 
New York Medical College ~N 
Flower and Fifth Avenue Hospitals 
New York, New York 
; a 
AMYLOID HEART DISEASE y 


In their article describing three cases of amyloid heart dissade 
Meaney and his colleagues! suggest that our description? of | 
a specific functional abnormality in amyloid heart disease i is 
an oversimplification. We believe that they have misinter- i 
preted not only our data but also their own. 
We simply do not see a “wide spectrum” because in each o S 
their three cases the pressure in the undilated left ventricle 
was high throughout diastole and exceeded the pressure in the 
right ventricle. In no case did the diastolic pressure contour 
show a “dip and plateau” as seen in constrictive pericarditis 
or in restrictive cardiomyopathy.’ In these conditions the low 
beginning diastolic pressure precedes a rapid rise to a plateau: < 
whose timing and height depend on the severity of the con- _ 
striction and which coincides with a third heart sound. In thag 














FIGURE A. Anterior arrow pointing po 
domonsiretes anterior (A) pericardial ef 
Posterior arrows pointing post posteriorly d 
onstrate pseudoprolapse of the mitral 
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LETTERS 


Case 1 the diastolic pressure rose only 3 mm Hg from a nadir 
of 20 at beginning diastole to a high of 23 at the end (their Fig. 
1) and was typical of amyloid as described by us. 

Systolic functional impairment was shown in all three pa- 
tients and even in Case 1 an ejection fraction of 0.69 was much 
too low for a patient with an abnormally small end-diastolic 
volume and a cardiac index of only 1.5 liters/min per m2. 

The derived data showed some unusual features: the ex- 
cessive amount of ventricular filling that appeared to occur 
while the left ventricular pressure was decreasing (Case 1, Fig. 
8), the dramatic reduction in left ventricular pressure during 
ejection (Case 3, Fig. 8) and the delay before the start of the 
computer plot of left ventricular filling (Case 1, Fig. 7). 

Incidentally, we were surprised to read that a diagnosis of 
constrictive pericarditis was even entertained in Case 1, in 
which Bence-Jones protein (++++) was evident in the urine 
and plasmocytes in the bone marrow but no rectal biopsy was 
performed. In a patient with low output failure, pulmonary 
congestion (+++), apical systolic murmur, low voltage elec- 
trocardiogram with right bundle branch block and digitalis 
toxicity such additional findings might have seemed impor- 
tant. 

We reiterate that the hemodynamic findings in amyloid 
heart disease are specific and are reflected in recognizable 
clinical features. The high diastolic pressures with normal 
diastolic volumes point to a diastolic fault. The abnormally 
high beginning diastolic pressure distinguishes amyloid from 
endocardial restriction or pericardial constriction. Impairment 
of ejection fraction and other measures of contractile effi- 
ciency testify to an associated systolic functional impairment 
that usually distinguishes amyloid from its only simulator, 
advanced hypertrophic cardiomyopathy. 


Christopher Y. C. Chew, MA, MRCP 
Maurice J. Raphael, MD, FFR, MRCP 
Celia M. Oakley, MD, FRCP, FACC 
Departments of Clinical Cardiology 
and 

Diagnostic Radiology 

Royal Postgraduate Medical School 
London, England 
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REPLY 


We have one area of disagreement with Chew et al.: We do not 
agree that all cases of cardiac amyloidosis manifest the “stiff 
heart syndrome,” but we agree on the essential issues. First, 
cardiac amyloid frequently does present as the stiff heart 
syndrome (three of three in their series, two of three in ours). 
Second, we quite agree that we had ample evidence (which we 
freely provided our readers) to make the correct diagnosis 
before cardiac catheterization and that we should have proved 
it with a biopsy and avoided operation. Our contention is that 
we have proved that the earlier published reports are correct: 
Some cases of cardiac amyloid do satisfy the criteria for re- 
strictive cardiomyopathy. Clinical medicine knows few ab- 
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solutes and provides little room for dogmatism in a combined 
experience of six cases. 

Bedside examination of the cardiovascular system in our 
Case 1 strongly suggested constrictive pericarditis to all ob- 
servers. Micromanometry demonstrated an unequivocal early 
diastolic dip followed by a flat plateau that was higher on the 
left side than on the right. Left ventricular volume was below 
normal and ejection fraction was normal. Thus a proved case 
of cardiac amyloidosis met all reasonable criteria for restrictive 
cardiomyopathy and differed from our other two cases and 
from the three of Chew et al. 

Regarding the figures: We ascribe early diastolic rapid 
filling of the left ventricle when pressure was falling to dia- 
stolic suction engendered by the combination of a small 
end-systolic volume and decreased diastolic compliance (Case 
1, Fig. 8). The reduction in left ventricular pressure (Case 3, 
Fig. 8) was caused by an artifact in systolic pressure that oc- 
curred during injection. Diastolic pressure was identical in 
value and form immediately before, during and after the in- 
jection. A pressure-volume “loop” using the left ventricular 
pressure just before injection and the same volume data used 
in Figure 8 had the usual flat top. Figure 7 shows three sepa- 
rate volume-time curves made at different times for each 
patient. The beginning of each curve is its own onset time. 

The lesson we learned is that cardiac amyloidosis usually 
presents the combination of a small stiff left ventricle and 
severe pump failure, but earlier investigators were correct 
when they concluded that cardiac amyloidosis may also 
present as restrictive cardiomyopathy. When we next en- 
counter the restrictive or constrictive syndrome, we will re- 
lentlessly follow all clues pointing to systemic disease or to the 
hypereosinophilic syndrome and pay great attention to any 
difference in left and right ventricular diastolic pressures, but 
we will not presume that the case cannot be one of amyloi- 
dosis. 


Ralph Shabetai, MD, FACC 

Division of Cardiology 

University of California at San Diego 
San Diego, California 


SYSTEMIC INFILTRATIVE CARDIAC DISEASE 


I read with interest the fine article by Borer et al.! on systemic 
infiltrative cardiac disease. Since their abstract first appeared 
in 1974,” I have eagerly awaited the complete publication. I 
apologize for an oversight that resulted in deletion of reference 
to their work in our recent article on the same subject.’ 
However, I am confused by the data on the amyloid patient 
subset when one compares Table I and Figure 2. In Table I, 
in four cases of amyloid (Cases 3, 4, 9 and 10) one (Case 3) is 
shown to have an increase in the left ventricular transverse 
dimension at end-diastole (LVTDp), but Figure 2 demon- 
strates all four cases to have a low to normal LVTDp value. 
Figure 2 is consistent with our findings. Is this an error on the 
author’s part or am I misinterpreting the data? Additionally, 
our patients uniformly showed decreased left ventricular 
function with decreased ejection fraction, decreased percent 
shortening of the minor left ventricular diameter and dimin- 
ished motion of the interventricular septum and left ven- 
tricular posterior wall. Borer et al. reported a normal ejection 
fraction in all four patients with amyloid, their Figure 3 
suggesting that these values were in the low normal range. I 
would be interested in the other data on these patients. Per- 
haps the fact that our patients all had prominent cardiac 
symptoms accounts for their more abnormal left ventricular 
systolic function than that of the patients of Borer et al., of 








whom two had major, one minor and one no clinical abnor- 
malities. Most of our patients have died since the preparation 
of our manuscript. 


John S. Child, MD, FACC 
LCDR MC USNR 

Chief, Cardiology 

Navy Regional Medical Center 
Camp Pendleton, California 
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REPLY 


The confusion regarding the comparison of Table I and Figure 
2 is undoubtedly due to the imprecise language we used to 
label Table I. In the table we denoted abnormal findings with 
a plus sign (+) irrespective of whether the value was supra- 
normal or subnormal. In Figure 2, the numerical data were 
graphically displayed, so that it would be possible for the 
reader to determine the precise nature of the abnormality. 
Hence, none of the patients with amyloidosis had an increased 
left ventricular transverse dimension; however, one of them 
did not have a normal transverse dimension because his value 
was below the lower limits of the normal range. 

With regard to our finding of normal ejection fraction in our 
patients with amyloidosis, we think that the best explanation 
is probably the one suggested by Child et al.: Our patients were 
studied at an earlier point in the natural history of their dis- 
ease than were the patients reported by Child and his col- 
leagues. We expect that with progression of disease toward end 
stage, systolic function would tend to deteriorate. 

One finding of interest to us, when we assessed our data, was 
that there seemed to be a dissociation between diastolic dys- 
function and systolic dysfunction, with the former often being 
present and the latter absent. Of course, all the studies re- 
ported in our article were performed with patients at rest. It 
is possible that, although systolic function in our patients is 
normal with the patients at rest, systolic functional reserve 
may be compromised so that abnormal systolic function would 
occur during a stress such as exercise. 

Jeffrey S. Borer, MD 

Walter L. Henry, MD 

Stephen E. Epstein, MD, FACC 

National Heart, Lung, and Blood Institute 
Bethesda, Maryland 


PARADOXICAL. MOTION OF INTERVENTRICULAR 
SEPTUM IN ABSENCE OF SHUNTING 


Bahler et al.! describe paradoxical motion of the interven- 
tricular septum in the absence of left to right shunting. We 
recently studied a young patient who fulfills this criterion with 
an associated congenital anomaly, idiopathic dilatation of the 
main pulmonary artery. 

Case report: The patient is a 24 year old white man who 
has no history of cardiac abnormality but was recently noted 
to have a cardiac murmur and an abnormal chest X-ray film. 
Cardiovascular examination revealed a normal jugular venous 
pressure and carotid pulse contour with a normal first heart 
sound. The second heart sound was widely split and moved 
slightly with respiration but never closed. The pulmonary 
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FIGURE 1. TM mode echocardiogram. ECG = electrocardiogram; IVS = 
septum; LVg and LV, = left ventricular dimensions in systole and diastole, respectively; 
LVPW d and s = left ventricular posterior wall thickness in systole and diastole, respectively; 
PHONO = phonocardiogram; RV = right ventricle. 


y 

as 

J 
p 





interventricular 


Pe 


component of the second sound was equal to the aortic com- E: 


ponent and was well heard at the apex. There was no third or | 


fourth heart sound or an ejection click. A grade 2/6 early — 


peaking systolic ejection murmur was best heard in the pul- 


monary area, peaking well before mid systole, increasing with 
inspiration and decreasing with the Valsalva maneuver. There — 
were no diastolic murmurs. 


The electrocardiogram showed a normal sinus rhythm, — 
normal atrial focus, axis of 90°, an R wave of 5 mm in lead Vg 


and an R/S ratio of less than 1 in lead V;. The chest X-ray film — 
showed a slightly enlarged right ventricle and an isolated di- 


lated main pulmonary artery with normal right and left pul- — 


monary arteries and normal pulmonary vasculature. The _ 
echocardiogram (Fig. 1) revealed paradoxical septal motion _ 
and an enlarged right ventricle. Subsequent cardiac cathe- _ 


terization revealed a pulmonary arterial pressure of 25/10 mm _ 


Hg with a systolic right ventricular pressure of 32mm Hgand 
a normal right atrial pressure with normal wave forms. There — 
was no evidence for any right-sided step-ups in oxygen and, 
with repeated probings with the catheter, the interatrial — 

septum could not be crossed. A right ventricular angiogram — 


ced 


showed a normal pulmonary valve with an isolated dilated — 
main pulmonary arterial segment. The cardiac position did 


not change when the patient was rotated under fluoroscopy, 
indicating an intact pericardium. 


We believe it highly unlikely that this patient had an atrial — 
septal defect that spontaneously closed. We took great care, — 


when recording the echocardiogram, to examine the inter- — 


ventricular septum below the level of the mitral valve with the _ 
patient both supine and rotated 30° into the right anterior — 
oblique position and observed that the interventricular septal 
motion remained abnormal. The patient did not have evidence __ 
of absence of the pericardium, left bundle branch block, left 


to right shunting, pulmonary valve insufficiency, tricuspid 


regurgitation or a cardiomyopathy. We offer no other sug- — 


gestions as to the cause of the paradoxical septal motion and — 


agree with Bahler et al. that, until the pathogenesis of para- 
doxical septal motion is clarified, no echocardiogram should = 


be considered pathognomonic of an atrial septal defect. Be- 


cause of the difficulty in quantitating mild increases in right 4 
ventricular size with radiographic, angiographic or echocar- _ 
diographic techniques, we are not certain whether this patient 
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LETTERS : 


indeed had dilatation of the right ventricle as a possible cause 
of the abnormal septal motion. 
Brian L. Strunk, MD 
Stanley Rubin, MD 
University of California Hospital 
San Francisco Division 
San Francisco, California 


Reference 


1. Bahler AS, Meller J, Brik H, et al: Paradoxical motion of the interventricular septum with 
right ventricular dilatation in the absence of shunting. Am J Cardiol 36:654-657, 
1976 


REPLY 


_ Weare in agreement with the case report of Strunk and Rubin. 
| Their echocardiogram points to the potential danger of using 
~ the TM mode echocardiogram as the sole noninvasive diag- 


nostic tool in evaluating paradoxical motion of the interven- 


a tricular septum. Although the ratio of right to left ventricular 
dimensions as seen in their echocardiogram is less than that 


demonstrated in our two cases, we believe that their findings 
are consistent with the thesis that the direction and magnitude 
of septal motion during systole is determined by the intra- 
cardiac position of the interventricular septum at end dias- 
tole.! 

Because it is important to verify that paradoxical motion 
of the interventricular septum is not due to transducer posi- 
tioning, two-dimensional evaluation of the heart by ultrasound 
is indicated. Although the B scan ultrasonogram adds addi- 
tional complexity to echocardiographic techniques, its results 
may aid in evaluating cases in which the transition from ab- 
normal to normal septal motion is not apparent in the stan- 
dard TM mode echocardiogram. 

Alan S. Bahler, MD 

Louis E. Teichholz, MD 

Richard Gorlin, MD 

Michael V. Herman, MD 

Division of Cardiology 
Department of Medicine 

Mount Sinai Hospital and 

Mount Sinai School of Medicine 
of the City University of New York 
New York, New York 
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INSTANTANEOUS NONARRHYTHMIC CARDIAC DEATH 
IN ACUTE MYOCARDIAL INFARCTION—I 


= Raizes et al.! drew attention to the occurrence of nonar- 
= rhythmogenic sudden death in patients with severe coronary 
| heart disease.! As a possible explanation they state a hypo- 


thetical mechanism with sudden “idiopathic” electrome- 
chanical dissociation by referring to experiments performed 
under somewhat unphysiologic conditions such as perfusion 
of hearts with calcium-free solutions or ethylenediaminete- 
tra-acetic acid (EDTA). Under conditions of physiologic 
balance it is quite questionable that a chelation of calcium can 
be made responsible for the cited instances of nonarrhyth- 
mogenic sudden death in patients with ischemic heart disease. 
The second postulated mechanism, inhibition of reflex sym- 
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pathetic activity, in our opinion cannot be made responsible 
for an irreversible low output syndrome. We therefore report 
here one of our observations and offer another explanation for 
nonarrhythmogenic sudden death in acute myocardial isch- 
emia that seems to correspond better to clinical conditions. 


Case report: A 52 year old white man had unstable angina 
3 days before admission to our coronary care unit. There was 
no history of earlier myocardial infarction or angina. The re- 
ported severe crescendo-like anginal attacks had occurred 
with dyspnea and S-T segment depression in leads II, III and 
aVF and precordial leads V3 to V5, which had been reversible 
with administration of nitroglycerin sublingually and syn- 
thetic analgesic agents. 

He was treated before admission with isosorbide dinitrate, 
10 mg four times daily and pindolol, 5 mg three times daily. 
Selective coronary angiography was planned for the day after 
admission because the patient’s condition seemed to be sta- 
bilized with current therapy. Neither the electrocardiogram 
nor enzyme determinations revealed signs of developing acute 
myocardial infarction. During the following night the patient 
had two severe anginal attacks with an increase in blood 
pressure from 100/60 to 150/120 and a minimal increase in 
heart rate from 60 to 80 beats/min. During these attacks ni- 
troglycerin proved ineffective and symptoms could be alle- 
viated only with morphine derivatives. During angina the 
electrocardiogram revealed the mentioned S-T depressions 
without any signs of myocardial necrosis and showed nor- 
malization at cessation of the attack. Serial determination of 
creatine kinase (CK) and its isoenzyme MB CK gave normal 
values. 

The following morning the patient had a third anginal at- 
tack with an initial increase in blood pressure followed by 
severe hypotension and terminal pulselessness but unimpaired 
electrocardiographic rhythm for approximately 10 minutes 
at a rate of 60 to 65 beats/min. The terminal QRS complexes 
revealed marked left axis deviation and right bundle branch 
block (bifascicular block). The patient did not recover and 
died. 

Autopsy revealed acute ischemia of the anterior wall of the 
left ventricle without any sign of necrosis. Angiography per- 
formed post mortem disclosed a dominant right coronary 
artery with high degree proximal stenosis and diffuse alter- 
ations of the left anterior descending coronary artery. The 
small circumflex artery was occluded. 

A retrospective evaluation of patients admitted to our 
coronary care unit with unstable angina uncovered another 
five cases of sudden nonarrhythmogenic death preceding 
planned coronary angiography. All patients had been treated 
with beta adrenergic blocking agents and had severe coronary 
artery disease on postmortem examination. We explain the 
sudden death of these patients by the induction of asynergy 
during an anginal attack followed by a low output syndrome 
leading to further deterioration and induction of additional 
asynergy. Resulting pump failure might have been enhanced 
by beta blocking therapy through an overall depression of 
contractility in the heart of patients with severe coronary 
artery disease. 

Beta adrenergic blocking agents prevent mechanisms of 
compensation such as enhancement of contractility in non- 
ischemic areas and increase in heart rate.” Latent cardiac in- 
sufficiency with ischemia unmasked by stress testing (exercise, 
cardiac pacing) is well known in angiographic evaluation of 
patients with coronary artery disease as well as in clinical 
settings of anginal syndromes like syncope pectangineuse 
Gallavardine.? A deleterious decrease in cardiac output might 
follow the development of asynergy as has been shown in pa- 
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tients with Prinzmetal’s variant angina with spasm of a cor- 
onary artery during coronary angiography.! 

In addition to the well known mechanisms of sudden death 
in severe coronary disease before or during acute myocardial 
infarction (arrhythmias, rupture of the heart or the main 
vessels) sudden death can also be caused by induction of ex- 
tensive asynergy of the left ventricle during an anginal attack. 
Beta adrenergic blocking agents may induce this type of 
sudden death by preventing compensatory mechanisms. It 
might be of interest to know if the patients described by Raizes 
et al. had been treated with beta blocking agents. In our view 
the indications for such agents in patients with unstable an- 
gina, especially if accompanied with hemodynamic sequelae 
(syncope, dyspnea), should be reevaluated. 


Heinrich Zilcher, MD 

Herbert Laimer, MD 

Dietmar Glogar, MD 
Kardiologische Universitatsklinik 
Vienna, Austria 


References 


1. Raizes G, Wagner GS, Hackel DB: Instantaneous nonarrhythmic cardiac death in acute 
myocardial infarction. Am J Cardiol 39: 1-6, 1977 

2. Smith HJ, Goldstein RA, Griffith JM, et al: Regional contractility. Selective depression 
of ischemic myocardium by verapamil. Circulation 54:629-635, 1976 

3. Friedberg CK: Diseases of the Heart. Philadelphia, WB Saunders, 1966, p 709 

4. Harper R, Peter T, Hunt D: Syncope in association with Prinzmetal variant angina. Br 
Heart J 37:771-774, 1975 


REPLY 

We appreciate the observation of a similar sequence of ter- 
minal events in six patients with coronary insufficiency. 
Certainly, acute extensive asynergy of the left ventricle is one 
possible cause of these events and could, indeed, be poten- 
tiated by beta adrenergic blocking agents. However, review 
of the seven patients presented in our study revealed that only 
one was receiving propranolol. Patient 1 received propranolol 
in increasing doses during his 11 day hospitalization. He re- 
ceived 240 mg during the 24 hours before his sudden death. 
Thus, although instantaneous nonarrhythmic death may be 
potentiated by beta adrenergic blockade, it may also occur in 
the days after acute inferior wall myocardial infarction in the 
absence of this medication. One would suppose that when 
there is a general awareness of this phenomenon, it will be 
observed in additional clinical situations. 


Galen S. Wagner, MD 

Division of Cardiology 
Department of Medicine 

Duke University Medical Center 
Durham, North Carolina 


INSTANTANEOUS NONARRHYTHMIC CARDIAC DEATH 
IN ACUTE MYOCARDIAL INFARCTION—II 


Raizes et al. omitted antiarrhythmic drugs as a cause of 
electromechanical dissociation. Patients 2, 4, 6 and 7 had 
premature ventricular contractions, ventricular tachycardia 
or ventricular fibrillation and the description of the amount 
and type of antiarrhythmic drug administered would have 
eliminated this as a cause. It might be added that in a de- 
pressed hemodynamic state a “normal” therapeutic dose of 
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antiarrhythmic drugs including lidocaine can suppress the ` 
myocardium and produce mechanical failure of the heart. _ 
Whereas they are correct to suggest that parasympathetic i 
activity increases after acute inferior wall infarction, there is a 
very little clinical evidence that there is sympathetic inhibi- 
tion. The Belfast group! has shown that by removing 
parasympathetic overactivity one can unmask sympathetic s 
overactivity manifested by sinus tachycardia, ventricular 
extrasystole or ventricular fibrillation. The sinus tachycardia 
can be controlled by beta adrenergic blocking agents, for ex- ag 
ample, practolol or propranolol, thereby confirming increased _ 
sympathetic activity. rA 
One of their patients had digoxin and diuretic therapy prior 
to cardiac arrest. I had a similar experience of electromecha- _ 
nical dissociation in a patient who had inferior wall infarction 
and who was admitted to the coronary care unit with acute 
congestive failure, papillary muscle rupture and ventricular 
septal defect. Eight hours after the administration of furo- 
semide he had respiratory and cardiac arrest with regular 
PQRS complexes. In this patient infusion of D5W and dop- — 
amine reestablished blood pressure and respiration. He is still ‘ 
alive nearly 3 years later. 


Sarfraz A. Zaidi, MD, PhD, FRCP (I) 
Bristol, Tennessee a 
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It is certainly possible that antiarrhythmic drugs could pro- — 

duce electromechanical dissociation. Patients 2,4 and 7from _ 
our study were receiving by intravenous infusion maintenance _ 
doses of lidocaine (2 mg/min). I believe it unlikely that the 
drug had any etiologic role, but this possibility should be at 
least considered. k 
Galen S. Wagner _ 


INSTANTANEOUS NONARRHYTHMIC CARDIAC DEATH 
IN ACUTE MYOCARDIAL INFARCTION—III 


Raizes et al. report the incidence of nonarrhythmic cardiace 
death in patients with acute myocardial infarction. They — 
found no cases with this syndrome attributed to cardiac or 
aortic rupture, stating that it “did not occur in three instances 
of cardiac rupture” among their patients. pe 

We have published our findings about cardiac rupture in — 
228 consecutive cases of acute myocardial infarction treated 
in a coronary care unit.! There were 29 deaths (12.7 percent), 
and necropsies were performed in 13 cases (44.8 percent). 
Among those patients who died, we observed electromecha- __ 
nical dissociation on 13 occasions; autopsy was performed in 
10 patients, and rupture of the left ventricular wall was found — 
in all. pe 
These contrasting observations are supported by later 4 
findings. At present, among 450 consecutive patients with 
acute myocardial infarction, electromechanical dissociation 
was observed in 20, of whom 16 underwent autopsy. Cardiac 
rupture was found in every instance. 

We conclude that in our experience, (1) the syndrome de- 
scribed by Raizes et al. is always associated with cardiac — 
rupture whenever acute myocardial infarction is present, and 
(2) all cases of cardiac rupture after acute myocardial infarc- 
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LETTERS 


tion show the previously mentioned clinical and electrocar- 
diographic syndrome. 
J. A. Prieto Solis 
Centro Medico Nacional 
“Marques de Valdecilla’’ 
Santander 
Spain 
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REPLY 


_ The high incidence rate of cardiac ruptures observed in the 
= series of Prieto Solis presents a marked contrast with our ex- 
| perience. Not only was cardiac rupture absent in all the pa- 
tients we presented, but also it was a very rare finding in pa- 

~ tients who underwent autopsy after death due to cardiogenic 


shock and acute myocardial infarction. The observation of 
Prieto Solis of rupture in 10 of 13 autopsy cases is indeed un- 


| usual. I wonder about his definition of rupture. We define 


rupture, in our patients, as clear separation of the full thick- 
ness of the left ventricular wall with resultant blood in the 


| pericardium. We had expected to find this in our patients with 


instantaneous nonarrhythmic death and were surprised when 
it had not occurred. Therefore, I am not surprised now that 
Prieto Solis found rupture in the patients he observed to have 
“electromechanical dissociation.” I am, however, astonished 
that it was present in all of these instances. 

Galen S. Wagner, MD 


ABNORMAL DRAINAGE OF INFERIOR VENA CAVA 


In the paper by Singh et al.! on masked abnormal drainage 
of the inferior vena cava into the left atrium, the diagnosis 
seems to have been made very loosely. The major question is 
how the surgeon could cannulate an inferior vena cava en- 
tering the left atrium and not recognize its position when the 
lower part of the atrial septal defect was being sutured. If the 


| inferior vena cava entered the left atrium, the lower atrial 





sutures should have been placed to the right of the inferior 
vena caval cannula. If it entered the right atrium, as is normal, 
then again the lower atrial sutures should have been placed 
erroneously, thus incorporating the inferior vena cava into the 


| left atrium. Mistaking the eustachian valve of the inferior vena 


cava for the lower margin of the defect is, in fact, the most 
common source of postoperative drainage of the inferior vena 
cava into the left atrium.” Briefly, either the diagnosis of ab- 
normal inferior vena caval drainage should have been made 
initially or else iatrogenic drainage of the inferior vena cava 
into the left atrium was produced by incorporating the inferior 
vena caval orifice into the left atrium. 

The claimed diagnosis is also in doubt because the arterial 


and left atrial levels of partial pressure of oxygen are not 


available from the first study. Increased pulmonary blood flow 
due to an atrial septal defect could have masked overt cya- 
nosis; however, an arterial saturation level of 99 percent is 
highly suspicious and points against abnormal drainage of the 
inferior vena cava into the left atrium. In conclusion, we be- 
lieve that the abnormal drainage of the inferior vena cava into 
the left atrium in this case, if authentic, was not proved to 
complete satisfaction, primarily because of surgical oversight 
during the first operation. 

A. Yazdanyar, MD 

J. G. Shakibi, MD, FACC 

Queen Pahlavi Medical Centre 

Tehran, Iran 
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REPLY 

We were equally puzzled as to how the surgeons who per- 
formed the first operation could have misjudged the anatomy. 
We had anticipated before the reoperation that iatrogenic 
drainage of the inferior vena cava to the left atrium had in- 
advertently been effected. However, at the second operation, 
Dr. Spencer of this institution instantly recognized the ab- 
normal positioning of the inferior vena cava more than 3 cm 
to the left of its usual position. The operative note from the 
first procedure failed to comment on this but it failed to 
mention the anomalous right pulmonary venous drainage that 
was also detected at the second operation. This latter finding 
may have impaired proper visualization of intracardiac 
structure at the first operation. 

We cannot positively say that the entry of the inferior vena 
cava was purely to the left atrium. It may have straddled the 
atrial septum. In any event, there is no doubt that there was 
anatomic malposition of the inferior vena cava in the case 
reported. 

The femoral arterial oxygen saturation level of 99 percent 
at the initial catheterization poses an additional question, but 
one cannot give absolute weight to a single determination. 
Also, in the presence of a large low-lying atrial defect it is quite 
possible that all of the anomalously draining inferior vena 
caval flow was indeed directed to the right atrium with no 
resultant arterial oxygen desaturation. 

In conclusion, although this case was confusing, there is no 
doubt that malpositioning of the inferior vena cava existed, 
was not appreciated initially and led to a serious iatrogenic 
problem. 

Eugenie F. Doyle, MD 

Department of Pediatric Cardiology 
New York University Medical Center 
New York, New York 
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Research in Continuing Cardiovascular Education 





Now that our College’s Heart House 
Learning Center is fully in operation, it is 
appropriate to consider one of the unique 
goals of the Learning Center: “to develop 
and conduct educational research for 
advancement of the continuing education 
of professionals who care for patients 
with cardiovascular disease.” Although as 
physicians we appreciate the benefits of 
basic and clinical biomedical research, 
research in continuing education is a new 
concept for many of us. The following 
discussion outlines certain areas of edu- 
cational research to be carried out by the 
College in the years ahead. 

e Each Learning Center program will 
include a specific research project. It is 
emphasized that such projects will in no 
way disturb the effectiveness of the 


learning experience or encroach upon the 
anonymity of individual attendees. The aim 
is important and straightforward: to eval- 
uate the efficacy of current educational 
methodologies by identifying participants’ 
pre-program learning needs and providing 
follow-up post-program efforts to rein- 
force and analyze the learning process. 
Protocol details will be guided by the in- 
volved physician faculty program directors 
and the College’s staff educational pro- 
grams director, Mr. James K. Walker. 

e The learner-to-teacher electronic 
response system in the Heart House 
Classroom provides a unique modality for 
educational research. At a specially de- 
signed chair, each participant simply 
presses a button to give a confidential 
response to inquiries concerning curric- 
ulum content and problems of patient 
management. He then receives an im- 
mediate, private reply concerning the 
appropriateness of his answer. At the 
same time, the teacher may view a his- 
togram (bar graph) quantifying the learn- 
ers’ responses. The principal advantages 
of this anonymous communication be- 
tween individual participants and in- 
structor are at least two-fold; the system 
offers each participant the opportunity to 
detect personal learning needs while 
giving the teacher the essential informa- 
tion to focus more program time on con- 
troversial issues and areas of knowledge 
requiring further delineation. 

e Professional medical educators now 
recognize that postgraduate learning ex- 
periences are more likely to lead to im- 
proved patient care when programs are 
focused upon carefully formulated ob- 
jectives. These objectives must take into 
account both learner needs and desired 
outcomes for clinical practice. The diag- 
nostic processes for this essential con- 
tinuing medical educational approach are 
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under development by Dr. Robert K. 
Richards, the College’s associate director 
for continuing education, and Dr. Suzanne 
B. Knoebel, Chairman of the College's 
Learning Center Committee. SS 

e The Griffith Resource Library will 
contain a relevant core of cardiovascular — 
books, journals and related audiovisual 
materials. There is an initial and ongoing 
need to establish the pertinent criteria for 
defining what constitutes the most es- 
sential audiovisual materials for our core 4 
library. This effort is being pursued by Mr. 
Dennis B. Webster, staff director of edu- 
cational resources, with the support of the 
Whitaker Foundation of Harrisburg, — 
Pennsylvania. a 

¢ The College is preparing a proposal 
to develop optimal model guidelines for 
improved physician learning and perfor- — è 
mance as the consequence of participa- 
tion in continuing medical education ac- 
tivities. In anticipation of support for this 
proposal, Dr. Richards will serve as the 
project director for this important educa- 
tional research undertaking. 

Success of the aforementioned efforts 
in continuing medical education research 
has been substantially fostered by char- 
acterization of the five goals essential for — 
all Heart House Learning Center pro- 
grams: (1) Identification of participants’ 
learning needs. (2) Maximization of active 
participation by individual learners. (3) 
Provision for continuity of learning ac- a 
tivities with pre-program and post-pro- 
gram efforts. (4) Establishment of evalu- 
ation as a pervasive part of the entire 
Learning Center program. (5) Focusing of 
attention in each program on the transfer 
of learning to clinical practice. 
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Dean T. Mason, MD, FACC 
President 
American College of Cardiology 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


Programs and faculty are subject to change. For further inform 
Division of Continuing Education, American College of Cardiology, 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


ation write Mary Anne Mcinerny, Director, Extramural Programs Department, 
Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





NOVEMBER 1977 THROUGH FEBRUARY 1978 


1977 


To be Preceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director. Pacific 


individ-- Medical Center, San Francisco, 

ually CA 

NOV. Cardiology for the Consultant: A 

7-16 Clinician’s Retreat. E. Grey Di- 
mond, FACC and James E. Crock- 
ett, FACC, co-directors. Rancho 
Santa Fe Inn, Rancho Santa Fe, 
CA 

NOV. Clinical Perspectives in Valvular 

8-10 and Ischemic Heart Disease. 
James T. Mazzara, FACC, director 
and Richard J. Kennedy, FACC, 
co-director. St. Vincent's Hospital 
and Medical Center of New York, 
New York, NY 

NOV. Coronary, Hypertensive, Valvular 

20-23 and Myocardial Heart Diseases: 


Structure-Function Approach. 
William C. Roberts, FACC, director. 
Williamsburg Conference Center, 
Williamsburg, VA 





DEC. Advances in Heart Disease— 

2-4 1978. Dean T. Mason, FACC, di- 
rector. Fairmont Hotel, San Fran- 
cisco, CA 

DEC. Tenth Annual Cardiovascular 

9-11 Symposium: Theory and Practice 
of Cardiology Today. Henry |. Rus- 
sek, FACC, director. Americana 
Hotel, New York, NY 

1978 

JAN. Ninth Annual Cardiovascular 

9-13 Conference in Snowmass. John H. 
K. Vogel, FACC, director and James 
S. Forrester, FACC and Bruce C. 
Paton, FACC, co-directors. Snow- 
mass Resort, Snowmass, CO 

JAN. Fundamentals of Echocardiogra- 

9-13 phic Interpretation. Vincent E. 
Friedewald, Jr., director. Kauai Surf 
Hotel, Kauai, Hawaii 

JAN. Stress Testing—A New Look For- 

20-21 ward to New Developments— 


Backward to Old Concepts. Myrvin 
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H. Ellestad, FACC, William H. Allen, 
FACC and Robert Stuart, co-direc- 
tors. Memorial Hospital Medical 
Center of Long Beach, Long Beach, 
CA 


FEB. Management of Cardiac Dis- 

3-5 eases— 1978. Robert J. Myerburg, 
FACC and Agustin Castellanos, 
FACC, co-directors. Omni Interna- 
tional Hotel and Resort Center, 
Miami, FL 


FEB. 
23-25 


Cardiovascular Disease— 1978: 
Practical Diagnosis and Manage- 
ment. John Ross, Jr., FACC, Ralph 
Shabetai, FACC, Joel S. Karliner, 
FACC, Kirk L. Peterson, FACC and 
Allen D. Johnson, FACC, co-direc- 
tors. Hotel del Coronado, Coronado, 
CA 





LEARNING CENTER: PROGRAM CALENDAR 


COLLEGE NEWS 
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The American College of Cardiology’s newest department, the 
Learning Center, located at the College’s Bethesda, Maryland 
headquarters, began operations last month. The initial program, 
“The Bedside Art & Science of Cardiac Diagnosis: Clinical & 
Physiological Correlation” is being offered again this month from 
November 16 through 18. Each continuing education program 
is directed toward a specific target group including: adult car- 





diologists (AC), pediatric cardiologists (PD), and family practi- 
tioners (FP). For additional information concerning the programs 
listed below or for a complete schedule of programs through 
October 1978, contact Mary Henry, Program Coordinator, 
Learning Center, American College of Cardiology, 9111 Old 
Georgetown Road, Bethesda, Maryland 20014 (301) 897- 
5400. 


NOVEMBER 1977 THROUGH FEBRUARY 1978 





Nov. Clinical Decision Making in Coronary Artery Disease 
1-3 & (AC). Arthur Selzer, MD, FACC, director 

Feb. 

27- 

Mar. 1 

Nov. Pacemaker Therapy: Specific Needs for Optimal 
9-10 & Patient Benefits (AC). Leonard S. Dreifus, MD, FACC, 
Jan. director. 

9-10 

Nov. The Bedside Art & Science of Cardiac Diagnosis: 
16-18 Clinical & Physiological Correlation (AC). W. Proctor 


Harvey, MD, FACC & Antonio C. de Leon, MD, FACC, 
directors. 


Nov. Diagnosis and Management of Clinically Important 

21-23 Arrhythmias (FP). William P. Nelson, MD, FACC, di- 
rector. 

Jan. Cardiac Drugs: Refinements in Use of the Old, As- 

16-17 sessment of the New (AC). Donald C. Harrison, MD, 
FACC, director. 

Feb. Pediatric Cardiology: Clinical-Pathological Correla- 

6-8 tions (PD). William C. Roberts, MD, FACC, director. 

Feb. Difficult To Manage Cardiovascular Problems: The 

20-22 Systematic Approach (FP). Robert S. Eliot, MD, 


FACC, director. 


27th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Anaheim, California 


March 6-9, 1978 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 


e Arrange the paper in this order: (1) 


title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as il 
abstract as 2, etc. 

e Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase ‘Address 
for reprints: .. ."’ followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


* Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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It's easy enough to find out. see immediately why most 
Just ask yourself what you cardiologists learn diag- 
expect from your system — nostic interpretation from 
hardcopy records with the | Honeywell echocardio- 
best possible resolution? #| grams. Compare recorders 
The operating economy for reliability—more than 
you get with Ginch rather a| 80% of ours operate main- 
than &inch paper? A re- tenance-free for over a 
corder that’s UL listed for year —and you'll also 
added safety? understand why more than 

A positive answer to A Mii. > 90% of all manufacturers 
any of these questions means that your of ultrasou nd scanners offer Honeywell 
system needs a Honeywell stripchart recorders in their systems, 
recorder. Its 5-mil spot size produces If the manufacturer of your ultra- 
records with twice the resolution of any sound scanner won'tsu pply one of our 
other recorder. And this, coupled with recorders, give us a call. We'll not only 
excellent gray scale discrimination, provide it, we'll install it for you. To get 


assures that your echocardiagrams will moreinformation, contact Bob Shipm 

have maximum diagnostic information. Honeywell Test Instruments Division, 
Compare record quality in an objec- Box 5227, Denver, CO 80217. 

tive, side-by-side examination and you'll (303) 771-4700. 


WE'LL SHOW YOU A BETTER WAY. 


Honeywell 
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For7out of 10 patients, - 
your present defibrillator 
may be powerful enough. 


But more important, fo 
3 out of l0 it may not be. 
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Recent studies of de- 
rillation have disclosed 
ne disquieting facts: ‘‘the 
ess rate for defibrillation 
human adults is only about 
% with defibrillators which 
iver 300 watt-seconds 
>nergy. ’* And *‘the prob- 
lity of defibrillating a sub- 
t who weighs over 220 
inds is extremely low. ”* 
2se studies have produced 
following finding: *‘virtu- 
/ all defibrillators now in 
‘have inadequate output 
efibrillate many human 
ilts...7°* 

Because of this, we 
‘eloped the Datascope M/D2J. A portable 
ibrillator capable of delivering not 300, or the 
lely available 320, but 460 watt-seconds of 
rgy. Fully 1/3 more energy than most any other 
table defibrillator made today. 

Which means,very simply, that you have 
re capability when you need it. 

But the Datascope M/D2J doesn’t just de- 

'r more energy than other defibrillators. It tells 
ı more about what it’s delivering. 

It is the only defibrillator in the world that 
Is the current delivered 
1e subject during de- 
illation. (Energy 
duces current. But 
ent is what produces 


ER, JR., W. A.: ELECTRICAL DOSE FOR 
ILLATION, CARDIAC DEFIBRILLATION 
ERENCE, PURDUE UNIVERSITY, 
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defibrillation. Which is why 
Current is the truly meaning- 
ful measure.) It also reads 
selected delivered energy. 
And delivered energy into a 
built-in test load. And instead 
of test lights, or ready lights, 
all readings are precisely 
shown on a bright digital 
display. 

To this point, we’ ve 
been discussing the M/D2J 
as if it were merely a defibril- 
lator. Of course, it’s a mon- 
itor/defibrillator. The defib- 
rillator is an impressive part. 
But the other parts are equal- 
ly impressive. The M/D2J 
offers the finest non-fade monitor of any 
monitor/defibrillator inemergency medicine. 

And it offers the new Databank. The first 
cassette recording system in emergency medicine. 
An instrument that does away with the bulk of 
paper recording while allowing you to record not 
merely ECG, but also to record the detailed 
management of the patient verbally onto the tape. 

Which means that in addition to offering 
more energy, Our system offers more capability 
than any monitor/defibrillator in the world. 

a A For more 

» information on the 
new M/D2J, write: 
Datascope Corp., 4 
580 Winters Avenue, 
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The new M|D2J 
with Databank. 
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YOU HAVE 





ONLY ONE WAY TO 


RECALL AND REVIEW 





ARRHYTHMIAS IN LESS 
THAN 60 SECONDS. 





It’s called CAMS 
(Comprehensive Advanced 
Monitoring System). And it 
is for patient monitoring what 
instant replay is for sports. 

CAMS unique Arrhythmia 
Recall lets you recall and 
review actual ECG dys- 
rhythmias of an 8 hour period 
in seconds. Enabling you to 
base your decision on clinical 
evidence. The Trend display 
not only shows you the 
patient’s condition, but also 
the degree it has improved or 
deteriorated. Trend Editing 





lets you forget about false 
positives. They’re eliminated 
from the system’s memory by 
your Clinical judgement and 
the ectopic trend is corrected. 
For the permanent record. 

All this means that you 
can now have the relevant 
data you need instantly. To 
help you make an accurate 
diagnosis and initiate imme- 
diate intervention before a 
crisis occurs — Preventative 
Critical Care Medicine. 

In short, CAMS, (the only 
system that lets you, not the 
equipment manage your 
patient) enables you to make 
more valuable use of your 
professional time. 


If you recognize the 
importance of today’s most 
efficient and effective way 
of providing the best possible 
patient monitoring, call or 
write us for our brochure and 
a personal presentation of 
CAMS capabilities. Ask for 
the fact-filled AO ECG 
Monitoring Guide, our easy 
to read chart of patient 
preparation, lead placement 
and equipment tips. 


INTRODUCING 
CAMS 
LO’ 


American Optical 


MEDICAL DIVISION 
Crosby Drive, Bedford, MA 01730 
Telephone: (617) 275-0500 
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INDERAL 


(propanolol 
hydrochloride) 


Official recognition of 
clinical success: the 

Joint National Committee 
on Detection, Evaluation, 
and Treatment of High 
Blood Pressure has revised its 
recommendations for the stepped- 
care treatment of hypertension and 
officially designated INDERAL as one 
of the choices for use in Step Two, 
should blood pressure control with a 
thiazide diuretic prove inadequate.! 


“presuming inadequate control of blood pressure 








y; ST RE TE T T FET T ED r Te YENTE E Y IA ART 


(propranolol hydrochloride) 


IN HYPERTENSION 
A PATTERN OF CLINICAL SUCCESS 


In study after study... 
INDERAL continues to 
prove highly effective in 
helping to control mild 
to severe hypertension. 


INDERAL has been used to establish 
control in inadequately controlled 
hypertension. INDERAL, added to or 
substituted in the regimen, effectively 
lowers blood pressure in many cases 
where diuretics, reserpine, methyl- 
dopa, or hydralazine are unable to 
provide sufficient antihypertensive 
effect??? Moreover, INDERAL is 
equally effective in both the supine and 
standing positions.2*9 It, therefore, 
tends to provide smooth 24-hour con- 
trol of blood pressure. 

Tolerance to INDERAL has not been 
observed.!3* 


INDERAL is a drug of 
choice for use with 
diuretics to provide 
greater blood pressure 
control, and to which 
hydralazine is added 
when needed. 


When combined with these agents, 
INDERAL has an additive antihyper 
tensive effect. Furthermore, INDERAL 
offsets reflex increases in cardiac rate, 
cardiac output, and renin secretion 
which tend to diminish the efficacy of 
diuretics" and vasodilators.’”8!41619 
INDERAL thus is a rational addition to 
therapy when the antihypertensive 
capacity of a diuretic alone proves 
insufficient. 

By inhibiting reflex increases in 
heart rate and cardiac output, 
INDERAL also extends the usefulness 
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of hydralazine. When hydralazine is 
added to INDERAL, the dose of both 
drugs can often be reduced. 

The combination of INDERAL plus 
hydralazine has aptly been called 
“hemodynamically unique” and when 
added to a diuretic provides an effec- 
tive regimen for most moderate to 
severe hypertensive patients.” 
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Phase 
1 


Before entry into the five-phase study, the blood 
pressures of 20 of the 23 patients were inade- 
quately controlled by a diuretic plus either methyl- 
dopa, or guanethidine, or both. After establish- 
ment of blood pressure control with a diuretic plus 


INDERAL plus hydralazine, withdrawal of 
INDERAL reduced the antihypertensive efficacy 
of the resulting regimen by 50% and produced 
unacceptable side effects in 25% of the patients. 





Adapted from Zacest, et al® 







INDERAL is associated 
with greater freedom 
from certain side effects 
which may impair the 
life-styles of active 
patients and may 
prevent compliance. 


Because INDERAL blocks only beta- 


adrenergic activity, it does not tend to ~ 
cause side effects characteristic of —~ 


other potent antihypertensive agents 
which inhibit the entire sympathetic < 
nervous system 7447 

Postural or exercise hypotension 
is not a problem with INDERAL. es 
Because it usually does not cause ~ 
postural or exercise hypotension, 
INDERAL has been considered a drug — 
of choice for those whose occupations, 


activities, or underlying conditions, 


such as cerebrovascular disease, — 
would make a sudden fall in blood 
pressure dangerous.2°9.13:16.20-23 
Sexual dysfunction is rarely, 
if ever, a problem with INDERAL. 
Failure of erection or ejaculation does ` 
not characterize therapy with — 
INDERAL.67.15.20,22,23* 4g 
Patient compliance can be enhanced. 
The fact that INDERAL is generally 
well tolerated can be expected to ` 
have a favorable effect on patient — 
compliance?:78 

In one recent study comparing the 
combination of a diuretic plus beta- ` 
blockers, including INDERAL, to pre- 


vious therapy with a diuretic plus ` 


reserpine, or methyldopa, or other 
agents, patient preference for the — 
beta-blocker regimen was so greatthat 
“no patient wished to return to former > 


medication after the trial concluded, 


and many rated their general toler 4 
ance of treatment as considerably 
improved.’’® 


*See subsequent discussion of untoward effects and 
full prescribing information for Contraindications, 
Warnings, Precautions, and Adverse Reactions. 
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propranolol hydrochloride) 


IN HYPERTENSION 
A PRESCRIPTION FOR CLINICAL SUCCESS 


= Candidates for INDERAL 
_ therapy: the majority of 
_ hypertensives. ..except 
_ those with impaired 
| cardiac function or those 
| prone to bronchospasm: 


| One of the likely mechanisms whereby 
| INDERAL lowers blood pressure is 
~ reduction in cardiac output. In patients 
| without significant cardiac dysfunc- 
| tion, this is a logical, safe, and effective 
_ way to lower blood pressure. The large 
majority of hypertensive patients with- 
out previous episodes of congestive 
failure or extensive scarring from mul- 
| tiple myocardial infarctions are likely to 
| do well on INDERAL therapy. 
Because full sympathetic drive may 
be necessary to maintain adequate 
pumping action in patients with 
| impaired cardiac function, INDERAL is 
~ contraindicated in those with conges- 
tive failure, unless the failure is 
| secondary to a tachyarrhythmia treat- 
| able with INDERAL. INDERAL is also 
contraindicated in patients with bron- 
chial asthma. 


~ *See full prescribing information for Contraindica- 
tions, Warnings, and Precautions on last page of 
advertisement. 





Individualized dose 
titration: the key to 
better clinical results. 


The recommended initial dose of 
INDERAL is 80 mg/day given in 
divided doses. The dose should be 
increased gradually until an optimum 
effect is achieved, usually in the range 
of 160-480 mg/day. In some 
instances, up to 640 mg/day may be 
required. Since a few days to weeks 
may be required for INDERAL to exert 
its full antihypertensive effect, suffi- 
cient time should be allowed for blood 
pressure response during the course of 
dosage adjustment. 

INDERAL is customarily given in 
divided doses. 


80mg 160mg 





Usual INDERAL starting dose in hypertension: 80 
mg/day. 
Usually effective dose range: 160-480 mg/day. 


Lowering cardiac output 
is part of a rational 
approach to lowering 
blood pressure. 


Aslowing of heart rate and reduction of 
contractile force are among the prob- 
able mechanisms whereby INDERAL 
lowers blood pressure. As such, they 
should not be considered untoward 
effects. 

Experience with INDERAL has 
shown that, ‘‘Since healthy individuals 
can sustain heart rates of 50 or less 
without any disability, there appears to 
be no reason for concern when pro- 
pranolol induces heart rates of this 
level so long as there is no evidence of 
heart failure.’ 24 
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INDERAL - 


Untoward cardiac 
effects are relatively 
infrequent. "1623.24 


Congestive failure: Sympathetic in- 
hibition with beta-blockade carries the 
potential risk of depressing myocardial 
contractility and precipitating cardiac 
failure in patients with, and, in rare 
instances, without a history of cardiac 
failure. 

At the first sign or symptom of 
impending cardiac failure, the patient 
should be appropriately treated with 
digitalis and/or diuretics and the 
response closely observed. If cardiac 
failure develops, INDERAL should be 
withdrawn gradually unless immediate 
discontinuation is required by overrid- 
ing clinical considerations. 

INDERAL is also contraindicated in 
patients with a history of asthma. 


Avoid abrupt withdrawal in 

patients with angina pectoris. 

There have been reports of exacerba- 
tion of angina and, in some cases, 
myocardial infarction following abrupt 
discontinuance of INDERAL. 
INDERAL should be withdrawn gradu- 
ally from patients with angina, and 
from any patients with possible inap- 
parent atherosclerotic coronary artery 
disease. 

All patients should be cautioned 
against interruption or cessation of 
therapy without the physician's advice. 

Before prescribing INDERAL for 
hypertension, please consult prescrib- 
ing information including additional 
Contraindications, Warnings, and Pre- 
cautions on the following page. 


Ayerst. 


ai ia WS aS Se al 


ers 


oh 


? ~ 4 is 3 
PEE EEN T E ET E ESN, 


MENE eee r FN 


Pon OP, t 


AAN 












PEDO Pe 


RPA hme Ree ta 3 


ibing information, see package circular.) 





(For full rs 


INDERAL 

A beta adrorergie locking agent 
A agent 
BEFORE USING INDERAL (PROPRANOLOL 
HYDROCHLORIDE), THE PHYSICIAN SHOULD BE 
THOROUGHLY FAMILIAR WITH THE BASIC CON- 
CEPT OF ADRENERGIC RECEPTORS (ALPHA 


AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 


ACTIONS 

The mechanism of the antihypertensive effects of 
INDERAL has not been established. Among the factors that 
may be involved are (1) decreased cardiac output, (2) 
inhibition of renin release by the kidneys, and (3) diminu- 
tion of tonic sympathetic nerve outflow from vasomotor 
centers in the brain. 

Propranolol hydrochloride decreases heart rate, cardiac 
output, and blood pressure. Although total peripheral 
vascular resistance may increase initially, it readjusts to the 
pretreatment level, or lower, with chronic u . Earlier 
studies indicate that plasma volume remains ui nged or 
may decrease. However, there are certain more recent 
studies suggesting that in the absence of sodium restric- 
tion, plasma volume may increase. 


INDICATIONS 


NOERAL is indicated in the management of hypertension. 
It is usually used in combination with other drugs, particu- 
larly a thiazide diuretic. INDERAL is not indicated for 
treatment of hypertensive emergencies. 





Pheochromocytoma 

After primary treatment with an alpha-adrenergic blocking 
agent has been instituted, INDERAL may be useful as 
adjunctive therapy if the control of tachycardia becomes 
necessary before or hag ag 

Itis hazardous to use INDERAL unless alpha-adrenergic 
blocking drugs are already in use, since this would predis- 
pose to serious blood pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinephrine leaves its 
constrictor (alpha) action unopposed. 

In the event of or shock, there is a disad- 
vantage in having both beta and alpha blockade since the 
combination prevents the increase in heart rate and 
peripheral vasoconstriction needed to maintain blood 
pressure. 

With inoperable or metastatic pheochromocytoma, 
INDERAL may be useful as an adjunct to the management 
of symptoms due to excessive beta receptor stimulation. 


CONTRAINDICATIONS 

INDERAL is contraindicated in: 1) bronchial asthma; 2) 

allergic rhinitis during the pollen season; 3) sinus brady- 
cardia and greater than first degree block; 4) cardiogenic 

shock; 5) right ventricular failure secondary to pulmonary 

hypertension; 6) congestive heart failure (see WARNINGS) 

unless the failure is secondary to a tachyarrhythmia treat- 
able with INDERAL; 7) in patients on adrenergic-augment- 
ing psychotropic drugs (including MAO inhibitors), and 

during the two week withdrawal period from such drugs. 


WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive 
heart failure, and inhibition with beta-blockade always 
carries the potential hazard of further depressing Sar 
dial contractility and precipitating cardiac failure. INDERAL 
acts selectively without abolishing the inotropic action of 
digitalis on the heart muscle (i.e., that of supporting the 
strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis 
may be reduced eat ond negative inotropic effect. 
The effects of INDERAL and digitalis are additive in 
depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC 
FAILURE, continued depression of the myocardium over a 
period of time can, in some cases, lead to cardiac failure. In 
rare instances, this has been observed during INDERAL 
therapy. Therefore, at the first sign or symptom of impend- 
ing cardiac failure, patients should be fully digital- 
ized and/or given a diuretic, and the response observed 
closely a) if cardiac failure continues, despite uate 
digitalization and diuretic therapy, INDERAL therapy 

id be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on com- 
bined therapy and the patient closely followed until threat of 
cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have 
been reports of exacerbation of angina and, insome 
cases, myocardial infarction, following abrupt dis- 
continuation of INDERAL therapy. Therefore, when 
discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient care- 
fully monitored. In addition, when INDERAL is pre- 
scribed for angina pectoris, the patient should be 
cautioned against interruption or cessation of ther- 


apy without the physician's advice. If INDERAL 
therapy is interrupted and exacerbation of fk ay 
occurs, it usually is advisable to reinstitute IN 

therapy and take other measures appropriate for the 


management of unstable angina pectoris. Since 
coronary artery disease may be. unrecognized, it 
may be prudent to follow the above advice in 
patients considered at risk of having occult athero- 
sclerotic heart disease, who are given propranolol 
for other indications. 
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IN PATIENTS WITH THYROTOXICOSIS, dele- 
terious effects from long term use have not been ade- 
es ag wey hal ea saa oad pc i 

0 propranolol's potential for aggravating congestive 
failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and 
give a false impression of improvement. Therefore, abrupt 
withdrawal of propranolol may be followed by an exacer- 
bation of symptoms of hyperthyroidism, including thyroid 
storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYN- 
DROME, several cases have been reported in which, after 
propranolol, the tachycardia was replaced by a severe 
bradycardia requiring a demand pacemaker. In one case 
this resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that 
require catecholamine release for maintenance of ade- 
ge cardiac function, beta blockade will impair the 

ired inotropic effect. Therefore, INDERAL should be 
titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta 
blockade ih ag the ability of the heart to respond to reflex 
stimuli. For this reason, with the exception of pheochromo- 
cytoma, INDERAL should be withdrawn 48 hours prior to 
surgery, at which time all chemical and physiologic effects 
are gone according to available evidence. However, in 
case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e.g., isopro- 
terenol or levarterenol. However, such patients may be 
subject to protracted severe hypotension. Difficulty in 
restarting and maintaining the heart beat has also been 


reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHO- 
SPASM (e.g., CHRONIC BRONCHITIS, EMPHYSEMA), 
INDERAL should be administered with caution since it may 
block bronchodilation produced by endogenous and 
ex catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLY- 
CEMIA: Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory 
signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia. This is especially important to keep in 
mind in patients with labile diabetes. Hypoglycemic attacks 
may be accompanied by a precipitous elevation of blood 


re. 

USE IN PREGNANCY: The safe use of INDERAL in 
human pregnancy has not been established. Use of any 
drug in pregnancy or women of childbearing potential 
requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 
Embryotoxic effects have been seen in animal studies at 
rin about 10 times the maximum recommended human 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as 
reserpine should be closely observed if INDERAL is 
administered. The added catecholamine blocking action of 
this drug may then produce an excessive reduction of the 
resting sympathetic nervous activity. Occasionally, the 
pharmacologic activity of INDERAL may produce hypo- 
tension and/or marked bradycardia resulting in vertigo, 
syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, 
laboratory parameters should be observed at regular 
intervals. The drug should be used with caution in patients 
with impaired renal or hepatic function. 


ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; 
intensification of AV block; hypotension; paresthesia of 
hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental 
depression manifested by insomnia, lassitude, weakness, 
fatigue; reversible mental depression progressing to cata- 
tonia; visual disturbances; hallucinations; an acute revers- 








ible aracterized by disorientation for time and 
place, short term memory loss, emotional lability, slightly 
clouded sensorium; and decreased performance on 
neuropsychometrics 
Gastrointestinal: nausea, vomiting, epigastric distress, 
abdominal cramping, diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, erythematous 
rash, fever combined with aching and sore throat, laryn- 
gospasm and respiratory distress 

Respiratory: br 

Hematologic: agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocuta- 
neous reactions involving the skin, serous membranes and 
conjunctivae reported for a beta blocker (practolol) have 
not been conclusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea 
levels in patients with severe heart disease, elevated serum 
transaminase, alkaline phosphatase, lactate dehydrogen- 
ase 
DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each 
indication. 


ORAL 

HYPERTENSION— e must be individualized. 

The initial dose is 80 mg INDERAL daily in divided doses. 
The dose may be increased gradually until optimum blood 
pressure response is achieved. The usual effective dose 
range is 160 to 480 mg per day. In some instances dosages 
of 640 mg per day may be required. The time course of full 
blood pressure response is variable and may range from a 
few days to several weeks. INDERAL is usually used in 
conjunction with other antihypertensive agents, particu- 
larly a thiazide diuretic. When INDERAL is employed as the 
sole therapeutic agent, concomitant dietary sodium 
restriction may be advantageous. 

PHEOCHROMOCYTOMA —Preoperatively—60 mg 
daily in divided doses for three days prior to surgery, 
concomitantly with an alpha-adrenergic blocking agent. 

—Management of inoperable tumor—30 mg daily in 
divided doses. 

PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age 
group are too limited to permit adequate directions for use. 

TRAVENOUS 


The intravenous administration of INDERAL has not 
been evaluated adequately in the management of hyper- 
tensive emergencies. 


OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED 
RESPONSE, THE FOLLOWING MEASURES SHOULD BE 
EMPLOYED: 
BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 
mo): IF THERE IS NO RESPONSE TO VAGAL BLOCKADE, 
MINISTER ISOPROTERENOL CAUTIOUSLY 
CARDIAC FAILURE—DIGITALIZATION AND DIURET- 


ICS 
HYPOTENSION—VASOPRESSORS, e.g., LEVAR- 
TERENOL OR EPINEPHRINE (THERE IS EVIDENCE THAT 
EPINEPHRINE IS THE DRUG OF CHOICE.) 
BRONCHOSPASM—ADMINISTER ISOPROTERENOL 
AND AMINOPHYLLINE 
HOW SUPPLIED 


INDERAL (propranolol hydrochloride) 


TABLETS 

No. 461—Each scored tablet contains 10 mg of propranolol 

ie Laon bottles of 100 and 1,000. Also in unit dose 
o : 

No. 464—Each scored tablet contains 40 mg of propran- 

olol hydrochloride, in bottles of 100 and 1,000. Also in unit 

dose package of 100. 

No. 468—Each scored tablet contains 80 mg of propran- 

olol hydrochloride, in bottles of 100 and 1,000. Also in unit 

dose package of 100. 


INJECTABLE 

No. 3265—Each ml contains 1 mg of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric 
acid. Supplied as: 1 mÍ ampuls in boxes of 10. 


INDERAL 


(propranolol 


hydrochloride) 


10mg, 40mg, and 80mg Tablets 


A pattern 
of clinical success 


A Ayerst Laboratories 
New York, N. Y. 10017 


7726 
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Do you really thinkamere ocear 
1S going to stop us 3 
from giving you great service? 


Vitatron, Europe’s largest pacemaker manufac- 
turer, is in America. 

You probably know all about our lithium- 
iodine pacemaker, Vitalith>" with the slightly 
incredible service life of 12 years* 

You’ve probably also heard about our 
absolutely uncompromising dedication to 

» reliability. 

But even after knowing all of this, is it 
possible that you may still be a little reluctant 
about doing business with a company so far 
away? 

After all, what happens when you need 
a little service? Or when you just want to consult 
with someone on a particular pacing application? 

What we'd like you to know is, we can 
give you all of that. And more. We're not really 
as far away as you think. Our American head- 
quarters is right here in Boston. 

It’s there to help our customers wherever 
and whenever they need it. In fact, we guarantee 
one of our Pacemaker Service Consultants will 
be available to assist with any problem or answer 
any question you may have — 24 hours a day, 
365 days a year. 

So don’t worry that we’re in Europe. 
Because if it’s one thing we’re not about to let 
happen, it’s to have our good service watered 
down by something as insignificant as an ocean. 

For information, write Vitatron Medical, 
Inc., One Gateway Center, Newton, MA 02158. 
Or call (617) 964-1980. In Europe: Vitatron 
Medical, b.v., P.O. Box 76, NL 6210 Dieren, 
The Netherlands. 


*12 years’ service life expected under worst case conditions, 500 ohm load with 
1.0 millisecond pulse duration; over 15 years with 0.5 ms duration. 
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11:49 A.M. 
It's a Stand-alone 
Electrocardiograph 


It's the STS-Il... 
Truly a Multi-use 
ECG System! 


Why pay twice for dedicated 
stress test and ECG equip- 
ment when a single system 
does it all! 


Actually a variety of different systems 
in one, the STS-III| has inter-change- 
able modular components that can be 
assembled to meet the budget and 
technical requirements of virtually 
any hospital, physician's office or 
clinic. Choose from two monitor types 
and three treadmills with the option of 
manual controls or automatic test 
programming for up to twelve stages. 
Use it in the stress test lab, or handle 
routine ECGs by disconnecting and 
rolling away its state-of-the-art 
3-channel recorder (a special version 
of our time-proven Model 3038 Elec- 
trocardiograph.) Expand your diag- 
nostic capabilities still more by adding 
heart-sound/pulse-wave and com- 
puter phone terminal options. 


Even then, there’s flexibility to spare. 
In addition to providing superior per- 
formance specifications, the STS-lI| 
prevents information loss with a 
unique non-fade monitor that can 
freeze events of interest, and allow 
recording from memory in a distinc- 
tive format. And, the optional “crawl- 
speed” feature allows the entire 
stress test to be recorded without 
interruption in the intervals between 
program recording. 


To see how the STS-III is the most 
cost-effective stress test solution for 
you, call or write: 

Cambridge Instrument Company, 
733 Spring St., Ossining, N.Y.: 

(914) 941-8100. 


Cambridge 


Instrument 
Company, Inc. 


first in electrocardiography 
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iis is the Memco Table System. 
emco is the name to specify for any 
secial-procedure installation. 


Why? Two reasons. First, Memco is versatile. Memco tables are designed to perform 
with equipment built by any manufacturer of special-procedure rooms — GE, Picker, 
Siemens, CGR or Philips. And the Memco Table System works best with all of them. 

Second, we're specialists. Memco’s only business is designing and building 
components for complex diagnostic systems. So everything we build is engineered and 
built with care. 


No matter what the needs of your special-procedure rooms, Memco makes it work 
better. Specify the Memco Table System. 
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Neurovascular configuration Top transfer cart Peripheral/Long Bone Study configuration 


KONCS = MEMCO 


Memeo, Inc. A subsidiary of Xonics, Incorporated 
| 2080 Stonington Avenue, Hoffman Estates, Illinois 60195 
i Telephone (312) 884-9300 


©1977 XONICS-MEMCO 
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Introducing the new standard in cardiac output measurement. 


With the computer, training and support to help you get 
accurate numbers, every time. 


Now there’s the Becton 
Dickinson Cardiac Output 
Computer — with the 
patented autotimer 
method of computing out- 
put by the thermal dilu- 
tion technique. It gives 
you measurements that 
are reliable, rapid and re- 
peatable. 

It’s portable, simple to 
operate, uses iced or room 
temperature injectate, 
and is designed to insure 
maximum patient safety. 

But there’s more to car- 
diac output measurement 
than the computer. And 
no one offers more ways to 
support you. 

7 and 5 French Cathe- 
ters — manufactured and 
sterilized to Becton 
Dickinson’s strict quality 
control standards. 

Automatic Injector — for 
uniform, repeatable injec- 
tions. 


Educational Seminar. 

A complete audio/visual 
program for your staff on 
the theory, computation, 
and proper technique of 
cardiac output by thermal 
dilution. 

Technical Specialists. 
Our Cardiac Output Tech- 
nical Specialists have ex- 
tensive cardiac cath lab 
experience, and will assist 
you with in-service train- 
ing, answer your ques- 
tions on computers, or dis- 
cuss any other aspect of 
cardiac output measure- 
ment. 

Index Calculator. We’ll 
also give you a thermal di- 
lution cardiac output cal- 
culator to help you com- 


pute your patient’s cardiac 
index, stroke volume and 
other parameters. 

Free Evaluation. And to 
show you exactly why our 
cardiac computer gives 
you more accurate, re- 
peatable numbers, we'll 
place a unit in your hospi- 
tal for your own thorough 
evaluation. 

To get complete details 
on the new standard in 
cardiac output measure- 
ment, call toll free (800) 
225-0455. Or write: 


Becton Dickinson 
Medical Systems 
Route 1, 

Sharon, Ma. 02067. 
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DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® (brand of triamterene) Trademark 
and 25 mg. of hydrochlorothiazide. 





TRIAMTERENE LIMITS POTASSIUM LOSS AS 
HYDROCHLOROTHIAZIDE LOWERS BLOOD PRESSURE 


You can’t expect to make the asymptomatic patient feel better, but it’s easy to make him feel 
worse. And the active, younger patient won't put up with side effects or complex drug 
schedules that interfere with his busy life. With potassium- sparing ‘Dyazide’, hypokalemia 
and its attendant fatigue, muscle cramps and malaise are seldom a problem. 


Convenient, economical for long-term control 
One or two capsules, once or twice daily for maintenance, according to the response of the 


patient. Tedious, expensive K+ -rich diets or potassium salts should not be used unless hypo- 
kalemia develops or dietary K* intake is markedly impaired. 


Serum Kt and BUN should be checked periodically 


particularly in the elderly, diabetics, and those with suspected or confirmed renal insuffi- 

ciency (See Warnings in Brief Summary). Elevated serum potassium levels can occur because 

of the K+-sparing effect of triamterene, but they are rare in patients with normal renal func- 

tion. If hyperkalemia develops, substitute a thiazide alone. Routine use of diuretics in healthy 

pregnant women is inappropriate. 

*Not for initial therapy (see box warning). See next page for brief summary of prescribing. SIKGF CO. 
information, including indications, contraindications and adverse reactions. a SmithKline company 
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‘ Before prescribing, see complete prescribing infor- 
= mation in SK&F Co. literature or PDR. A brief 
summary follows: 


es 


* 
WARNING 
This drug is not indicated for initial therapy of 
i edema or hypertension. Edema or hypertension 


requires therapy titrated to the individual. 


ER IOONI OT GEE ENET ee 


* If this combination represents the dosage so 
determined, its use may be more convenient in 
patient management. Treatment of hyperten- 

sion and edema is not static, but must be 





D. reevaluated as conditions in each patient 
E warrant. 
f $ * Indications: When the combination represents the 
a dosage determined by titration: Adjunctive therapy 
kE in edema associated with congestive heart failure, 

: hepatic cirrhosis, the nephrotic syndrome. Corti- 


costeroid and estrogen-induced edema, idiopathic 
edema; hypertension, when the potassium sparing 
action of triamterene is warranted. (See Box 
Warning.) Routine use of diuretics in healthy preg- 
nant women is inappropriate; they are indicated in 
pregnancy only when edema is due to pathological 
causes. 

Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction, hyperkalemia. 
Pre-existing elevated serum potassium. Hypersen- 
sitivity to either component or other sulfonamide- 
derived drugs. 

Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly im- 
paired. If supplementary potassium is needed, 
potassium tablets should not be used. Hyper- 
kalemiacanoccur, and has been associated with car- 
diac irregularities. It is more likely in the severely 
ill, with urine volume less than one liter/day, the 
elderly and diabetics with suspected or confirmed 
renal insufficiency. Periodically, serum K+ levels 
should be determined. If hyperkalemia develops, 
substitute a thiazide alone, restrict K* intake. 
Associated widened QRS complex or arrhythmia 
requires prompt additional therapy. Thiazides 
cross the placental barrier and appear in cord 
blood, Use in pregnancy requires weighing antic- 
ipated benefits against possible hazards, includ- 
ing fetal or neonatal jaundice, thrombocytopenia, 
other adverse reactions seen in adults. Thiazides 
appogr and triamterene may appear in breast milk. 
If their use is essential, the patient should stop 
nursing. Adequate information on use in children 
is not available. 

4 Precautions: Do periodic serum electrolyte deter- 
pie lrademark minations (particularly important in patients 


® vomiting excessively or receiving parenteral fluids). 
MAKE Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics 
or those with suspected or confirmed renal insuffi- 
ciency. Watch for signs of impending coma in 
severe liver disease. If spironolactone is used con- 


comitantly, determine serum K* frequently; both 





Each capsule contains 50 mg. of Dyrenium" (brand of triamterene) can Cause Ke wetentonand elevated seroguk>: 
and 25 mg. of hydrochlorothiazide. Two deaths have been reported with such con- 


comitant therapy (in one, recommended dosage 
was exceeded, in the other serum electrolytes 
were not properly monitored). Observe regularly 


for possible blood dyscrasias, liver damage, other 
TRIAMTERENE LIMITS idiosyncratic reactions. Blood dyscrasias have 
been reported in patients receiving triamterene, 
and leukopenia, thrombocytopenia, agranulocy- 
POTASSIUM LOSS AS tosis, and aplastic anemia have been reported with 


as thiazides. Triamterene is a weak folic acid antag- 


onist. Do periodic blood studies in cirrhotics with 
splenomegaly. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use 
LOWERS BLOOD PRESSURE cautiously in surgical patients. The following may 
occur: transient elevated BUN or creatinine or 


both, hyperglycemia and glycosuria (diabetic 
insulin requirements may be altered), hyperuri- 
cemia and gout, digitalis intoxication (in hypo- 
kalemia), decreasing alkali reserve with possible 
metabolic acidosis. ‘Dyazide’ interferes with fluo- 
rescent measurement of quinidine. 

Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis, rash, 
urticaria, photosensitivity, purpura, other dermato- 
logical conditions; nausea and vomiting, diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, pan- 
creatitis, xanthopsia and, rarely, allergic pneu- 
monitis have occurred with thiazides alone. 
Supplied: Bottles of 100 and 1000 capsules; Single 
Unit Packages of 100 (intended for institutional 
use only). 


SK&F CO. 


SIKGF CO. Carolina, P.R. 00630 


a SmithKline company Subsidiary of SmithKline Corporation 
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In the shock syndrome: 





Selectively redirects blood to vital organs 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vital organs. 


Intropin (dopamine HC!) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
“dopaminergic” receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.' Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.? 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 


ARNAR-STONE LABORATORIES, INC. 
Mount Prospect, Illinois 60056 
A Subsidiary of American Hospital Supply Corporation 


patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand, has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine’s alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect. Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.’ The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systemic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usually 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculature of 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 


References: 

1. Rosenblum, R., Am. Heart J., 87:527-530, 1974. 
2. Goldberg, L.I., N.E.J. of Med., 291:707-710, 1974. 
3. Harrison, D.C., Am. J. of Card., 35:656-659, 1975. 





IN TROPIN’ (dopamine HCI) 


(See last page of this advertisement for full prescribing information.) 
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-INTROPIN’ (dopamine Hc1) 
5 ml. AMPUL/FOR IV. INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a naturally- 
occurring biochemical catecholamine precursor of norepinephrine. The chemical structure is: 










































































HO CH,CH,NH, * HCI 


HO 
CHNO; + HCI * Mol. Wt. 189.65 
= Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 
_ Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
-as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 
output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 
its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
increases systolic and pulse pressure with either no effect or a slight increase in diastolic pressure. 
‘Total peripheral resistance at low and intermediate therapeutic doses is usually unchanged. Blood flow 
_ to peripheral vascular beds may decrease while mesenteric flow increases. INTROPIN has also been 
reported to dilate the renal vasculature presumptively by activation of a ‘dopaminergic’ receptor. This 
ction is accompanied by increases in glomerular filtration rate, renal blood flow, and sodium excretion. 
An increase in urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. y 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure, and chronic cardiac decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander or whole blood 

should be instituted or completed prior to administration of INTROPIN. 

-Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 

-such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 

tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
nd initiation of therapy with volume correction and INTROPIN, the better the prognosis. 


r Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
jequacy of vital organ perfusion can be monitored. Nevertheless, the physician should also observe 
he patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 
temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 
minished to levels approximately 0.3 mi./minute, prognosis is more favorable. Nevertheless, in a num- 
ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 
= which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
= output is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 
N accumulation. It should be noted that at doses above those optimal for the individual patient, urine 

_ flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 
_ diuretic agents may produce an additive or potentiating effect. 


Low Cardiac Output — Increased cardiac output is related to INTROPIN’s direct inotropic effect on the 
myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 
Prognosis. Increase in cardiac output has been associated with either static or decreased systemic 
= Vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 
cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
esistance in peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas- 
ular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 
s accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 
f the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
Ai associated with substantial decreases in systemic vascular resistance as may occur with isopro- 
renol. = 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 
to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN’s 
alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
_ whose blood pressure and urine flow have not undergone profound deterioration. Therefore, it is sug- 
gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 
and diastolic pressure becomes evident. 


3 CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 
WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 


tients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 
of INTROPIN will require substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 
- tion of this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
should be reduced to atleast one-tenth (1/10) of the usual dose. 
-Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 
In one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 
_ Newborn and a potential for cataract formation in the survivors. The drug may be used in pregnant 
‘so when, in the judgment of the physician, the expected benefits outweigh the potential risk to 
e fetus. fn i 
Usage in Children — The safe 
has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
and limitations for use. Further studies are in progress. 
_ PRECAUTIONS: Avoid Hypovolemia—Prior to treatment with INTROPIN, hypovolemia should be fully 
‘orrected, if possible, with either whole blood or plasma as indicated. y 
Decreased Pulse f ssure — If a disproportionate rise in the diastolic pressure (i.e. a marked decrease 
pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
and the patient observed carefully for further evidence of predominant vasoconstrictor activity, 
ich an effect is desired. 
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~ Extravasation—INTROPIN should be i 


safety and efficacy of this drug in children has not been established. INTROPIN - 
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sation N infused into a large vein whenever possible to prevent the pos- 

-sibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause necrosis and 
sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred to veins in the dor- 
sum of the hand or ankle. Less suitable infusion sites should be used only if the patient's condition 
requires immediate attention. The physician should switch to more suitable sites as rapidly as possible. 
The infusion site should be continuously monitored for free flow. 
Occlusive Vascular Disease—Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
ities. If a change in skin color or temperature occurs and is thought to be the result of compromised 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. : 













IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution 
containing from 5 to 10 mg. of Regitine” (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 
infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 





Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required—Close monitoring of the following indices —urine flow, cardiac output 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex. azotemia, and elevated 
blood pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to patient. 

Suggested Dilution — Transfer contents of one ampul (5 mi. containing 200 mg. INTROPIN) by aseptic 
technique to either a 250 mi. or 500 mi. bottle of one of the following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


7) Lactated Ringer's Injection, USP 


These dilutions will yield a final concentration for administration as follows: 
250 mi. dilution contains 800 mcg./ml. of INTROPIN 
500 mi. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
venous solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic 
blood pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized.. 

Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 

1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,0 or pulmonary wedge pressure is 14-18 mm Hg. 

2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion. 

In more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute ~ 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. 

3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN ~ 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lished urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 

4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 

OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN’s duration of action is quite short, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 
blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 mi. ampuls containing 40 mg. dopamine HCI per milliliter. September, 1975 


ARNAR-STONE LABORATORIES, INC. i 
Mount Prospect, Illinois 60056 
A Subsidiary of American Hospital Supply Corporation 
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But if your time is too valuable to spend scanning a computerized, quantitative analysis, a trend analysis of 
DCG tapes, you have two choices—either send the tapes heart rate and ST segment level, and real-time recordings 
to the nearest hospital set up for scanning, or send them of abnormalities and symptomatology mounted in 
to a full-time scanning service. Like Omnimedical. booklet form. 


Which is better? We think scanning services. Because 


° e 
scanning services devote all their time to DCG recordings Omni medical 


— they'll call you immediately if they detect critical PO. Box 1277, Paramount, CA 90723 (213) 633-6660 





abnormalities. They’re in business to serve you. PLEASE SEND DCG SCANNER SERVICE INFORMATION TO: | 
So, who’s the best among the many scanning services? 
You judge. We at Omnimedical offer 3 programs for NAME ! 


reel-to-reel or cassette tapes, each with a maximum 
turnaround time of 24 hours. There’s the free recorder 
program, the regular scanning service, and the same-day ciTY STATE ZIP 
service pick-up program if you’re in our area. All feature 
the most comprehensive report in the business— including 





ADDRESS 








PHONE TITLE 
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Today its called an LCG: 


Years of research and development have 
produced a recorder that is more accurate, 
a data examination technique that is more 
reliable, and a patient report that is uniquely 
clear and comprehensive. 

Combine these advances with a trained 
and medically supervised staff and you 
have the Clinical Data LCG, a much im- 
proved method of long-term ambulatory 
ECG recording and reporting. 

At the heart of an LCG is the Stein/Peter- 
son Examination Technique™: In place of 
high-speed superimposed ECG complexes, 
the examiner sees two-minute segments 
held stationary on a display, advanced 
sequentially at a rate controlled by the ex- 
aminer. No longer is there a likelihood of 
blinking and missing a serious arrhythmia. 

The recorder is important, too: It is the 
only one-pound, 24-hour two-lead recorder 
that records a timing track simultaneously 
with the data to assure accurate reporting 

> of time-dependent events. 

But the report is the key. An LCG Report 
presents representative and abnormal 
sequences in standard ECG format (with 

p> time of day and patient activity automat- 
ically printed above them) of arrhythmia 
and ST-segment changes detected; a min- 
ute-by-minute graphic display of heart rate; 
DAN and quantitation by morphology of ectopic 
ar events (singles, pairs, and runs) detected 
$~, and observer-validated to 85% reliability. 
And service. We provide you with the 
oe number of recorders you need. They are 
our repair, replacement, and updating 
problems, not yours. Your recording is ex- 
amined the day it arrives at Clinical Data, 
and your report is completely checked by 
the supervising RN. In many cities turn- 
around time is frequently 24 hours. (This 
service applies equally to recordings made 
on other cassette recorders or reel-to-reel 
equipment.) 

There is more to tell about the Clinical 
Data LCG, of course, because a lot has 
happened since 1961. Let us send you the 
full story, including a sample LCG Report I. 

Clinical Data, Inc. 1371 Beacon Street, 
Brookline, Mass. 02146. Telephone toll free 
1-800-225-9180. 


Clinical Data, Inc. 


Accurate Data, Clearly Reported 
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Nitroglycerin, 

the landmark in angina relief, can 
also be the landmark in prevention 
of anginal attacks* 


Plateau CAPS® 2.5 mg and 6.5 mg 





nitroglycerin 
with 
Staying power 


It works. It keeps working. 
And we have the documentation. 


For the full facts, simply complete 
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and mail this i coupon. Ligaen 
s TO: f 
Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or other | Robert N. Henderson, M.D. | 
information, FDA has classified the indications as follows: Possibly | 120 Brighton Road 
effective: For the management, prophylaxis or treatment of anginal Clift N.J. 07012 l 
attacks. Final classification of the less-than-effective indications iton, N.J. 
requires further investigation | | 
Contraindications: Recent myocardial infarction, severe anemia, | 
glaucoma, hypotension, increased intracranial pressure and idio- O.K., Dr. Henderson— | 
syncrasy to this drug. | O Sh Send h É linical 
Warnings: For ORAL, not sublingual use. Capsules must be swal- ow me—osen compre ensive clinica | 
lowed whole. NITRO-BID* 2.5 and 6.5 Capsules are not intended and pharmacologic documentation brochure. 
for immediate relief of anginal attacks. i . BR: ? ; | 
Precautions: Use the smallest dose which proves effective because O I'll prove it myself—Send clinical trial supplies as well. 
continued administration of larger doses may lead to tolerance. | l 
Intraocular pressure may be increased; therefore, caution is re- 
quired in administering to patients with glaucoma. If blurring of | 
vision or dryness of mouth occurs, drug should be discontinued. l 
Adverse Reactions: Occasionally transient headaches may occur. | Dr A 
Overdoses may cause flushing, headaches, tachycardia, dizziness. (please print) { 
Dosage and Administration: One capsule two or three times daily | i 
at 8 to 12 hour intervals. 
Patient benefit products from M| MARION l (street & number) (city) (state & zip) | 
——| LABORATORIES, INC. l J 
KANSAS CITY, MISSOURI 64137 mim mmm mmm m e e s m e e n oe ees e ee ee am 
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The Jamieson Model 54 offers these advantages: 


1. Precise temperature control of chemistry. 
2. Optimal agitation. 


3. Variable transport speed...up to 70 ft. per 
minute. 
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4. Recirculation of chemicals. = |} $$ GA ‘HdE 
k 5. Exacting replenishment rates. 
$ The precise control of these variables is- how 
3 Jamieson fulfills the need for high quality 
i diagnostic images. 
E &d Call, write or clip coupon and mail today for more details. 
; al Call toll free Continental USA (except Texas) 1-800-527-2298, Telex: 73-0932 # 

a! A S E C EE O; SE, OES, OE, OEE E SA > 
f s Please send information on Jamieson Model 54 Processor and a list of users. ; 
É i y} Name Title ; 
Be Firm Phone se a a I 
k l Address Ci A 
Be fl state zp JAMIESON FILM COMPANY I 

AJC-11 Tel: (214) 350-1283 6911 Forest Park Rd. Dallas, TX 75235 Į 











































































































Neural Regulation of the Heart 

Edited by WALTER C. RANDALL, Loyola University Stritch 
School of Medicine. O This well-illustrated and heavily docu- 
mented text reviews specific areas of progress in understand- 
ing the nervous regulation of the heart, among them, current 
views of the gross and microscopic anatomy of the cardiac 
innervation; sympathetic, parasympathetic and afferent neural 
mechanisms of regulation; neural influences upon the SA and 
AV nodes; and cardiac excitability and rhythm. Contributors 
are John A. Abildskov, J. Andrew Armour, Brian F. Hoffman, 
Thomas N. James, Michael P. Kaye, Matthew N. Levy, John W. 
Manning, John B. Pace, David C. Randall, Walter C. Randall, 
Ferdinand Urthaler, G. Michael Vincent, and Robert D. Wurster. 
1977 448 pp.; 120 illus. $21.95 














The Theoretical Basis 


of Electrocardiology 
Edited by C. V. NELSON, Maine Medical Center, and D. B. 
GESELOWITZ, Pennsylvania State University 


“Summarizes very effectively the present-day interests in and 
theoretical aspects of the active potential of the heart beat. 
The contributing authors have described very well their own 
studies in theoretical electrocardiography. The subjects 
selected are those of greatest clinical application....A very 
good publication and a new, valuable addition to the medical 
literature? —American Heart Journal (Oxford Medical Engineer- 
eee 


556 pp.; 18 photos, 158 illus. $67.00 


Prices and publication dates are subject to change. 


OKFORD UNIVERSITY PRESS 





The Mechanics of Circulation 

C. G. CARO, Imperial College, London; T. J. PEDLEY, University 
of ae ; R. C. SCHROTER, Imperial College, London; 
and W. A. SEED, Charing Cross Hospital, London. O Many 
aspects of circulatory function, both normal and abnormal, can 
be adequately explained only in physical terms; this book pro- 
vides a readily understood account. Part | describes the basic 
laws of mechanics and their application to the flow of fluids, 
concentrating on aspects relevant to the circulation, and using 
a minimum of mathematics. Part II discusses physiological 
events in circulation and their underlying physical mecha- 


nisms. 
December 1977 $42.00 





530 pp.; 268 illus. 


An Introduction to the Examination 


of the Cardiovascular System 

A. LEATHAM, St. George’s Hospital, London. This book 
serves as a brief, informative guide to the examination of the 
heart and blood vessels with the simple stethoscope and also 
the electrocardiogram and X-rays when necessary. 

1977 44 pp.; 16 line drawings paper $3.00 


The Initiation of the Heartbeat 
DENIS NOBLE, University of Oxford 


“A remarkably fine book and one that was badly needed....I 
recommend this book without reservation to students of 
physiology and to serious students of medicine’ —W. Van der 
Kloot, State University of New York, Stony Book, in The 
Quarterly Review of Biology 

168 pp.; 70 illus. 





200 MADISON AVENUE 
NEW YORK. N Y 10016 
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For more 
information 


D i 
Middle Avenue at Third Street, a 
Wilmerding, Pa. 15148, (412) 823-0440 
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Newi in Echocardiography... 


THE HOFFREL REALTIME 
TWO-DIMENSIONAL 
CARDIAC 
‘SECTOR 
‘SCANNER 


Features of the Hoffrel Mechanical Sector Scanner (MSS) include: 
m 35° sector, optimal angle commensurate with an acceptable line density. 


® Ability to change scan rate to optimize line density according to heart rate or 
type of examination. 


m Full quality M-Mode recordings may be derived from any angle within the 
central 30° of the sector, operator selectable with a movable cursor. 












m Recordings are made in standard T.V. format for display on conventional 
television systems. 


m Procedures may be recorded for play back in real-time, slow motion or stop- 
frame modes. 


m Frames are numbered sequentially or EKG timed. 
m Different frequency transducers are easily interchangeable by operator. 


No sacrifice in exceptional M-Mode capabilities: 
m High resolution tracings. 
m Excellent phono and pulse recording. 


Write or phone today for full clinical and technical details. 


Regional Offices: 


Midwest Western Southeastern Southwest Northeastern 
(Oak Brook, IL) (Ventura, CA) (Tucker, GA) (Houston, TX) (Hartford, CT) 
(312) 879-5309 (805) 647-5424 (404) 934-3802 (713) 465-8934 (203) 866-9205 


H Hoffrel 


Instruments Incorporated 
34 Moody’s Lane, Norwalk, Conn. 06851, TPO 866-9205 
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Transducer Pressure Transducer | 
| 
TO RECORD PRESSURE SENSOR TO RECORD VELOCITY SENSOR 5 
e PRESSURE AT SOURCE FEATURES e FLUID VELOCITY FEATURES $ 
e TRUE WAVEFORMS e THERMAL STABILITY e PRESSURE AT SOURCE e LINEAR STABLE OUTPUT ‘ 
e PHONOCARDIOGRAMS è EXCELLENT LINEARITY e PHONOCARDIOGRAMS' eLOW POWER DISSIPATION fi 
e HIGH NATURAL FREQUENCY è BIDIRECTIONAL MEASUREMENT | 
Millar MIKRO-TIP® Catheter Pressure Transducers Millar MIKRO-TIP® Catheter Velocity/Pressure | 
. . . . . . . . A 
are available in a variety of configurations. Catheter | Transducers are available in a variety of «| 
French sizes are from 4F to 8F. One, two or three configurations. Catheter French sizes are from 6F q 
pressure sensors may be spaced along a single to 8F. One electromagnetic fluid-velocity sensor l 
catheter, some with lumen for blood sampling or and one or two pressure sensors may be spaced 4 
with lumen for high speed injection. along a single catheter. In the size 8F catheter | 
only, a pressure sensor may be placed at the same __ 
location as the fluid-velocity sensor. d 
Visit our Booths B27 and B28 at 4 
P. O. Box 18227 the November AHA Meeting in Miami. E 
(6001 Gulf Freeway) d 
Houston, Texas 77023 U.S.A. (713) 923-9171 3 
4 
l; h's HYPERTENSION MANUAL ; 
aragh’s 3 
You Can Now Buy This Famous Bestseller in Three Convenient Paperback j 
Volumes Covering the Major Sections in the Original: 
1. Mechanisms-—ciinicat teatures and the physiologic and biochemical mechanisms of hypertension @ Arterial Pressure 
Regulation, Overriding Dominance of the Kidneys in Long-Term Regulation and in Hypertension @ A Viewpoint Concerning the Enigma | 
of Hypertension m The Control of Renin Release m The Control of Aldosterone Secretion in Normal and Hypertensive Man Abnormal | 
Edited by Perlormance m Neuronen Facts o in nynenension m Prysiologt Characteristics of Hypertension m Hood Pressure ang te 
HYPERTENSION John H. Laragh, MD Patho enesis and Management of Hypertensive ocular Dieeases a PIAN Algostecone-Renia'Interretalioneting in Varkas pins ot al 
Essential Hypertension. Studies Using a Rapid ter i Plasma Aldosterone @ Renin, Angiotensin and Hypertensive Vascular Damage 
METHODS A Review @ Diabetes and Hypertensive Vascular Disease: Mechanisms and Treatment @ Toxemia of Pregnancy Mechanism and Ç | 
Therapeutic Management m Adrenal Mineralocorticoid Hormones Causing Hypertension @ Hypertension in Chronic Renal Failure An yg 
Abnormal Relation Between Sodium and the Renin-Angiotensin System ™ Renovascular Hypertension, Mechanisms, Natural History | 
HYPERTENSION owon Cenpheras aod meant co Ren Levels E Aran E araa oon toes ee Gacrean Nate and ee 
| Contralateral Suppression, Estimate Renal Plasma Flow and Score for Surgical Curability a 

| | PEN atta) leiar Profedesr ot Modieihe 505 pages, 150 figures and tables, index, $12.50 


AND DIET 


The New York Hospital—Co! 
and Founder of the Hyperte 
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Yorke Medical Books (666 Fifth Avenue, New York, N.Y. 10019 
Please send me the following: HYPERTENSION Paperbacks 


Western Hemisphere 

















Director of the Cardiovascular Center 


Columbia-Presbyterian Medical Center, New York, N.Y 


2. Methods—tne methodology in- 
volved in the evaluation of the physiologic pa- 
rameters of high blood pressure. @ An Eval- 
uation of Measurement Performance of Selected 
Blood Pressure Devices @ Assay of Plasma Cate- 
cholamines. An Approach to Evaluating Altered 
ll Ie Activity in Essential Hypertension @ 
The Measurement of Plasma Renin Activity in 
Man @ Measurement of Urinary Aldosterone Ex- 
cretion in Man @ Radioimmunoassay of Plasma 
Aldosterone @ Searching Out Low Renin Pa- 
tients: Limitations of Some Commonly Used 
Methods 


nell Medical Center 
nsion Center 


AJC-11/77 


Other Countries 








SIC CHN USNS. wit 27h oe. Fe ver! 1.204 atu A cae SILO S AS E tees $14.00 120 pages, 50 figures and tables, Index, $7.50 

Pet AMONO. Pau Faota aa a A A E wall rag Jacko S00) Ve a Saoi $ 8.50 A 

O 3. Renin System, Drug Therapy and Diet .............. S750 a Ea RAR ee $ 8.50 3. Renin System, Drug Ther- 

E O E ET AREE AA E A A $25.00 TAr $30.00 apy and Diet-me principles of man; 
gement and treatment. including the role o 

O ORIGINAL HARD COVER EDITION ................... $3700: Sr e NA $42.00 renin-aldosterone system in the” strategy of 
treatment for high blood pressure. Also in- 
cludes special sections of hypertensive drug 

NAME eS Aw el 2 a> v2 T Sew aes ae eS eS z therapy and low sodium diet. @ Vaso- 
constriction-Volume Analysis for Understanding 
aod reajing Bye denon me ah Renin and 
Idosterone Profiles @ The Volume Factor in Low 

ADDRESS ___ = oe E ry, * oo SST WITE: aP F, and Normal Renin Essential Hypertension Its ~ 
Treatment mtn aitor aeara or oe 
thalidone @ The Antihypertensive Action of Pro- 

CITY =. Mew a —— ZE OSTATE — —ZP— $ pranolol Specific Ananin Responses in High 
and Normal Renin Forms of Essential. Renal 


O Full payment enclosed, publisher absorbs shipping cost. O Send invoice, plus shipping cost (U.S. and Canada only). 


Countries outside Western Hemisphere please prepay in U.S. funds. 
New York State residents add applicable sales tax. 


Renovascular and Malignant Hypertension @ 
Antihypertensive Drug Therapy @ Moderate Low 
Sodium Diet 


105 pages, 25 figures and tables. index. $7.50 4 
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Under age 20: Awarning sign 


Parents with high serum cholesterol tend to have high 
cholesterol children. The earliest possible identification 
of the trait makes lifetime dietary control possible. 


At age 35: Prematurely high 


If no other risk factor is present, there is only a 1% (one in 
100) chance of developing coronary heart disease within 
the next six years. If the cholesterol level is 210, this risk 
is reduced by half. But for a cigarette smoker with a sys- 
tolic blood pressure of 165, there is a threefold increase 
in risk. 

At age 50: Risk of CHD increasing 


With no other risk factors to be considered, the male's six- 
year risk of developing coronary heart disease has in- 
creased to over 5% (five in 100). For a female with the 
same cholesterol level, the risk is less than 2%. Male 
smokers have an 8% risk and if they also have a systolic 
blood pressure of 165, the six-year risk rises to 13%. 


Source; Coronary Risk Handbook: Estimating Risk of Coronary 
Heart Disease in Daily Practice, American Heart Association. 


Do your patients know 
their serum cholesterol level? 


Because of the increased risk from an elevated cho- 
lesterol, the American public is being advised to have 
cholesterol tests done frequently. Many prominent 
authorities, for example, think that every adult male— 
including physicians—should have his cholesterol mea- 
sured once a year. 


Although average cholesterol levels are substantially 

higher, most cardiologists consider a cholesterol level be- 
tween 175 and 190 mg. per 100 ml. of blood to be a safe 

range, with the upper limit of normal in adults about 

220 mg. But the serum cholesterol of middle-aged 

Americans has risen, according to some estimates, to a 

point where 85% of us have a level above 200 mg. 


Dietary control the first step 


To cope with this widespread problem, dietary control is 
the first step in therapy—based on a general rule of de- 
_ creasing total fat consumption to a third of daily calories, 
with no more than 10% of calories from saturated fat. Plus, 
of course,a substantial reduction in cholesterol-rich foods. 


©Copyright 1977 
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Helps lower serum cholesterol 


Results of an in-depth study 
exploring cholesterol-lowering diets 


Moderate cholesterol-lowering diet 


5 

2 200 3 
33 Mean moderate-diet _ 
Ge change = 205 mg./dl. 
FË 180 to 171 mg/dl. 

5 

R 





Adapted from Anderson, J.T., Grande, F., and Keys, A.: Cholesterol- 
lowering diets, J. Am. Diet. Assoc., 62:133, 1973 


In these trials, a standard diet was modified to produce a 
moderate cholesterol-lowering diet, using skim milk, A 
lean meats, fish, two eggs a week, poultry, corn oil mar- _ 
garine, and Mazola® corn oil. The average decrease in 
serum cholesterol in 12 subjects in just three weeks was 
17%. Serum phospholipids decreased 12%. Both changes 
were highly significant. - Ge 3 

pi -Na 









Helps diet adherence 


For cholesterol control, long- 
term adherence is essential. To 
gain patient acceptance, the poly- | 
unsaturated fats used must pass ` 
the test of taste. For flavor 

and lightness, Mazola corn oil 
and corn oil margarine qualify. 





Send coupon for your A 
Mazola Resources File gE- 


A professional file of patientand physician aids for reduc- 
tion of risk in atherosclerosis and coronary heart disease 
is now available free upon request. Included are three 
patient aids to help your patients live with a cholesterol- 
control dietand eight physician aids to help you evaluate 


and educate the high-risk patient. 


Just mail this coupon to Mazola Nutrition Information 
Service, Dept. JRL-1, P.O. Box 307, omy 
Coventry, Conn. 06238. 
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ThinLith 


Today's thinnest lithium pacemaker. 





Part of a total superior system from Intermedics, Inc. 


Intermedics now offers the thinnest 
lithium cardiac pulse generators 
available today — the ThinLith 
Model 225 and Model 227. 

The unipolar ThinLith, 

















which 
measures 
only 11.1 mm in i 
thickness, virtually “= elimi- 
nates the skin bulge common 
with thicker pulse generators, adds 
to patient comfort and greatly reduc- 
es skin pressure necrosis. In addi- 
tion, the ThinLith’s light weight and 
smoothly: rounded corners reduce 
the chance of migration within the 
body. 

The ThinLith employs the same 
dependable c-mos circuitry which 
has proven successful in other Inter- 
medics pulse generators. This double 
ion diffusion c-mos circuitry provides 
optimum sensing and stimulation per- 
formance, even at low voltage levels. 
To aid in the creation of the ThinLith, 
we have greatly reduced the number 
of components and miniaturized the 
electronics by using a hybird circuit 
which employs advanced technology 
in microelectronics. 

As a power source, Intermedics’ 
engineers chose the highly reliable 
Catalyst Research, single cell, 
lithium-iodine battery, proven in test- 
ing and in human use for five years. 
The ThinLith Model 225 is powered by 
a Catalyst Research 803-30 lithium 
battery. The ThinLith Model 227 is 
powered by a Catalyst Research 
803-23 lithium battery. The two mod- 
els are identical except for battery 
Capacity and the volume and mass 
differences caused by the variation in 
battery size. These power sources 
have a theoretical longevity of ten 


and eight years, respectively, and 
are backed by an Intermedics’ 
replacement credit agreement. 

After assembly and testing, the 
circuitry and power source are her- 
metically sealed in electromagnetic 
interference resistant, 316L stainless 
steel and sterilized for implant. The 
ThinLith, as are all Intermedics 
pulse generators, is designed to 
accept all of the more commonly 
used leads without need for an 
adapter. 

The predecessors to the Inter- 
medics ThinLith are the unipolar 
C-MOS | mercury-zinc pulse 
generator and the C-MOS | Lithium, 
and the InterLith™ generators in 
unipolar and bipolar models. These 
have been the choice of pacemaker 
implants around the world. 


Life-Prolonging Leads 


As part of their life support system, 
Intermedics manufactures a quality 
line of high density platinum- tipped 
leads which provide low pacing and 
sensing thresholds, thereby in- 
creasing the longevity of the pulse 
generator. Materials for lead man- 
ufacture were carefully selected for 
their chemical and functional com- 
patibility as well as their strength and 
flexibility. Closed coil construction 
resists dislodgement and prevents 
lead fractures and provides lead 
flexibility so important to the 
physician. Intermedics’ leads are 
available in 2 choices of flexibility and 
a variety of tip configurations: unipo- 
lar spherical, conical and blunt-tip; 
and bi-polar blunt-tip. 


Trans-Telephonic 
Monitoring Systems 
At No Additional Charge 


Intermedics is the only pacemaker 
manufacturer in the market today 








which provides the patient with a 
trans-telephonic monitoring service 
— Trace-A-Pace™ *— absolutely 
free of charge to the patient, physi- 
Cian, hospital, or health carrier. At the 
request of the physician, the patient 
receives a light-weight and easy-to- 
use (requires no electrode wires) 
transmitter. Then, at intervals de- 
termined by the physician, the pa- 
tient simply dials our toll-free 
number and has a rhythm strip and 
digital interval rate count recorded. 
In all cases, the physician receives 
a full report and copy of the rhythm 
strip by mail. However, should an 
irregularity be observed, the 






is notified 
immediately 7” by telephone. 
This service greatly reduces the time 
required for patient follow-up and 
increases the patient's confidence 
and mobility. 


24-Hour Service 


All Intermedics’ representatives 
are on call 24 hours a day. When 
necessary, they can have an Inter- 
medics implantable device in your 
hands shortly after you call. 

For the location of your nearest 
Intermedics representative, or 
for additional information about 
our products, call toll-free 
1-800-231-2330. In Texas, call 
collect 1-713-233-8611. 


4f Intermedics Inc. 


P.O. Box 617 + Freeport, Texas 77541 





For the broad spectrum of cardiac arrhythmias 
broad-range treatment... 
conversion and maintenance 








CARDIOQUIN 
TABLETS 25 


(quinidine polygalacturonate) == 


o Greater GI tolerance 

o Full quinidine cardiodynamics 

o Convenient B.I.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or t.i.d. 
dosage of this unique polygalacturonate salt of quinidine 
is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 
tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by ¥% to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 


Purdue Frederick 


©COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 A8207 172276 


CARDIOLOGY 





ACC ANNUAL MEETING DATES: 
MARCH 6-9, 1978, ANAHEIM, CALIFORNIA 








Concealed Bypass Tracts in Supraventricular Tachycardia 
Intraaortic Balloon Pumping in Myocardial Infarction 
Volume Indexes 

Contents on Page A5 


+ 


A YORKE MEDICAL JOURNAL 









ypertensive ng 


to lower without compromisin 
blood pressure existing = 





effectively... cardiac output 


Tes iis E A ak Fak NE a Sth i ae ee ees ROSE ST LANE 
b Sua isnt) Dein Sti a s 1 


in 
Papaleo 


TABLETS: 250 mg, 500 mg, and 125 mg 


ALDOMET 


(METHYLDOPA|MSD) 


helps lower 
blood pressure 
effectively... 
usually with no 
direct effect on 
cardiac function— 
cardiac output is 
usually maintained 


ALDOMET iscontraindicated in active hepatic disease, hypersensitivity 
to the drug, and if previous methyldopa therapy has been associated 
with liver disorders. 


It is important to recognize that a positive Coombs test, hemolytic 
anemia, and liver disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver disorders could lead 


to potentially fatal complications unless properly recog- MSD 
nized and managed. For more details see the brief sum- SAA 
mary of prescribing information. DOHM 


For a brief summary of prescribing information, please see following page. 


Some other 
characteristics 

of ALDOMET 
(Methyldopa, MSD) 
for your 
consideration 


ALDOMET usually lowers 


blood pressure and: 


e Usually does not com- 
promise existing renal 
function 


e Infrequently causes symp- 


tomatic postural 
hypotension 

e Normalorelevated plasma 
renin activity may 
decrease during the 
course of therapy 


e Usually is well tolerated. 
Sedation, usually tran- 
sient, may occur during 
the initial period of 
therapy or whenever the 
dose is increased. Head- 
ache, asthenia, or weak- 
ness may be noted as 
early and transient 
symptoms. However, 
significant adverse effects 
due to ALDOMET have 
been infrequent. (See 
brief summary for a com- 
plete listing of adverse 
reactions.) 

ALDOMET is useful in all 
degrees of hypertension 
and offers dosage flexi- 
bility with three tablet 
strengths—the 

standard 250 mg, 

the convenient 500 mg, 
and the 125 mg. 
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Contraindications: Active hepatic disease, such 
as acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and 
liver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic 
anemia or liver disorders could lead to poten- 
tially fatal complications unless properly recog- 
nized and managed. Read this section carefully 
‘to understand these reactions. 


= With prolonged methyldopa therapy, 10% to 20% of pa- 
tients develop a positive direct Coombs test, usually 


between 6 and 12 months of therapy. Lowest incidence 
is at daily dosage of 1 g or less. This on rare occasions 
may be associated with hemolytic anemia, which 
could lead to potentially fatal complications. One can- 
not predict which patients with a positive direct 
Coombs test may develop hemolytic anemia. Prior ex- 
istence or development of a positive direct Coombs 
test is not in itself a contraindication to use of 
methyldopa. If a positive Coombs test develops during 
methyldopa therapy, determine whether hemolytic 
anemia exists and whether the positive Coombs test 
may be a problem. For example, in addition to a posi- 
tive direct Coombs test there is less often a positive in- 
direct Coombs test which may interfere with cross 
matching of blood. 
At the start of methyldopa therapy, it is desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done during 
therapy to detect hemolytic anemia. It may be useful 


to do a direct Coombs test before therapy and at 6 and 


12 months after the start of therapy. If Coombs-posi- 
tive hemolytic anemia occurs, the cause may be 


$; methyldopa and the drug should be discontinued. 


Usually the anemia remits promptly. If not, cor- 
ticosteroids may be given and other causes of anemia 
should be considered. If the hemolytic anemia is re- 
the drug should not be 


positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
= not revert to normal until weeks to months after 
methyldopa is stopped. 


i Should the need for transfusion arise in a patient 


receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In the 
absence of hemolytic anemia, usually only the direct 
Coombs test will be positive. A positive direct Coombs 
= test alone will not interfere with typing or cross 

matching. If the indirect Coombs test is also positive, 


hypertension iy 


(METHYLDOPA| MSD) 


helps lower 

blood pressure 
effectively... 

usually with no 
direct effect on 
cardiac function- 
cardiac output is 
usually maintained 


problems may arise in the major cross match and the 
assistance of a hematologist or transfusion expert will 
be-needed. 

Fever has occurred within first 3 weeks of therapy, oc- 
casionally with eosinophilia or abnormalities in liver 
function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, ceph- 
alin cholesterol flocculation, prothrombin time, and 
bromsulphalein retention. Jaundice, with or without 
fever, may occur, with onset usually in the first 2 to 3 
months of therapy. In some patients the findings are 
consistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should be 
done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If 
feYer and abnormalities in liver function tests or jaun- 
dice appear, stop therapy with methyldopa. If caused 
by methyldopa, the temperature and abnormalities in 
liver function characteristically have reverted to nor- 
mal when the drug was discontinued. Methyldopa 
should not be reinstituted in such patients. 

Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. Pa- 
tients should be followed carefully to detect side reac- 
tions or unusual manifestations of drug idiosyncrasy. 
Pregnancy and Nursing: Use of any drug in women who 
are or may become pregnant or intend to nurse re- 
quires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury toa 
nursing infant cannot be excluded. Methyldopa 


crosses the placental barrier, appears in cord blood, 


and appears in breast milk. 

Precautions: Should be used with caution in pa- 
tients with history of poy liver disease or dys- 
function (see Warnings). May interfere with measure- 
ment of: urinary uric acid by the phosphotungstate 
method, serum creatinine by the alkaline picrate 
method, and SGOT by colorimetric methods. Since 
methyldopa causes fluorescence in urine samples at 
the same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochromo- 
cytoma. It is important to recognize this phenomenon 
before a patient with a possible pheochromocytoma is 
subjected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed to 
air after voiding may darken because of breakdown of 
methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascular 


MSD MERCK SHARP & DOHME 


ALDOMET 


disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anesthesia 
usually can be controlled with vasopressors. Hyper- 
tension has recurred after dialysis in patients on 
methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Centra/ nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symptoms 
of cerebrovascular insufficiency, paresthesias, parkin- 
sonism, Bell's palsy, decreased mental acuity, involun- 
tary choreoathetotic movements; psychic distur- 
bances, including nightmares and reversible mild 
psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
Stipation, flatus, diarrhea, mild dryness of mouth, sore 
or “black” tongue, pancreatitis, sialadenitis. 

Hepatic: Abnormal liver function tests, jaundice, liver 
disorders. 

Hematologic: Positive Coombs test, hemolytic anemia. 
Leukopenia, granulocytopenia, thrombocytopenia. 
Positive tests for antinuclear antibody, LE cells, and 
rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, decreased 
libido, dermatologic reactions including eczema and 
lichenoid eruptions, mild arthralgia, myalgia. 

Note: Initial adult dosage should be limited to 500 mg 
daily when given with antihypertensives other than 
thiazides. Tolerance may occur, usually between sec- 
ond and third months of therapy; increased dosage or 
adding a diuretic frequently restores effective control. 
Patients with impaired renal function may respond to 
smaller doses. Syncope in older patients may be re- 
lated to increased sensitivity and advanced ar- 
teriosclerotic vascular disease; this may be avoided 
by lower doses. 

How Supplied: Tablets, containing 125mg 
methyldopa each, in bottles of 100; Tablets, containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit mge of 
100 and bottles of 100 and 500. 


For more detailed information, consult your MSD 

fered or see full prescribing information. 
harp & Dohme, Division of Merck & Co., Inc., 

West Point, Pa. 19486 J2634R2(709) 
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Better 
patient compliance 


because there are 


fewer doses to take 


», 


Quinaglute maintains normal sinus rhythm 
with a convenient 8 or 12 hour dosage schedule. 


The convenient dosage schedule of 1 to 2 tablets every 8 or 12 
hours can mean improved compliance in patients who tend to 
forget or skip medication requiring more frequent administration. 
In addition, QUINAGLUTE® Dura-Tabs® provide the following 
advantages: 


e Special wax matrix permits gradual release of quinidine glu- 
conate to maintain quinidine plasma levels for 8 to 12 hours 


e Convenient 8 or12 hour dosage schedule helps avoid middle- 
of-the-night dosage and early morning reversion 


e Prolonged control without peaks and valleys in plasma levels 


e Well-tolerated, with few gastrointestinal disturbances to inter- 
fere with patient cooperation and compliance 


Since most pharmacies have established patient drug profiles as a 
service to the community, you might advise your cardiac patients to 
use one pharmacy for all their prescription needs. This will help 
assure that the total therapeutic regimen is being carried out. Should 
any questions, untoward reactions or other problems develop, each 
person in the “physician-pharmacist-patient”’ alliance will be aware of 
it. Please forward your compliance tip to Cooper Laboratories, 300 
Fairfield Road, Wayne, New Jersey 07470, Att: Mr. W.F. Cronin. 


Patients with cardiac arrhythmias remember 





Indications: 

Premature atrial and ventricular contractions. Paroxysmal 
atrial tachycardia. Paroxysmal A-V junctional rhythm. Atrial 
flutter. Paroxysmal atrial fibrillation. Established atrial 
fibrillation when therapy is appropriate. Paroxysmal ven- 
tricular tachycardia when not associated with complete 
heart block. Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 

NOTE: Depending upon the response desired, the dosage 
may need to be varied and the blood level and/or electro- 
cardiographic response closely monitored during initial 
treatment. 


Contraindications: Aberrant impulses and abnormal 
rhythms due to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intraventricular 
conduction defects, especially those exhibiting a marked 
grade of QRS widening. Renal disease resulting in signifi- 
cant azotemia, or those developing cardiotoxic effects 
such as conduction defects; ventricular premature beats, 
ventricular tachycardia or flutter while on the drug. Marked 
cardiac enlargement, particularly with congestive failure, 
poor renal function, and especially renal tubular acidosis. 
Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive reduction 
in the degree of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 


Precautions: The precautions to be observed include all 
those applicable to quinidine. A preliminary test dose of 
a single tablet of quinidine sulfate should be administered 
to determine if the patient has an idiosyncrasy to quinidine. 
Hypersensitivity to quinidine, although rare, should con- 
stantly be considered, especially during the first weeks of 
therapy. 

Quinidine in large doses may reduce the contractile 
force of the heart; therefore, extreme caution should be 
exercised in using the drug in patients with severe heart 
disease, hypotension or digitalis intoxication. 

It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, 
electrocardiographic monitoring, and possibly plasma 
quinidine levels, is indicated when large doses are used, 
or with patients who present an increased risk. 


Adverse Reactions: Cinchonism, tinnitus, decreased audi- 
tory acuity, vertigo, headache, blurred vision, color percep- 
tion disturbances, photophobia, diplopia, night blindness, 
scotomata, reduced visual fields, mydriasis, hypotension, 


respiratory distress, and gastrointestinal disturbances. 
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ertension control 
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comfortable compliance. E 


The agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectivenėss, (2) patient comfort, and 

(3) compliance. 


Zaroxolyn offers all three. 


Effectiveness: In several long-term studies’? 
Zaroxolyn brought moderately elevated blood 
pressure (average: 167/113 mm Hg) down to the 
range of normotension—and held it there for up 


Comfort-in-use: One investigator noted, “Patient 
cooperation was surprisingly good for a study 

of such duration. The once-daily schedule with 
metolazone (Zaroxolyn) no doubt contributed to 
patient compliance” 


Overall compliance with Zaroxolyn is good— 
very good. An analysis of controlled clinical 
studies involving 188 Zaroxolyn patients showed 
that only eight discontinued therapy because of 
side effects. That’s a discontinuation rate of only 
4.3%, and broader clinical experience appears 


to four years. 


to substantiate this low rate.? 


Long-acting 


a aroxolyn 


metolazone)Pennwalt 


22 mg, 5 mg and 10 mg tablets 


once-daily antihypertensive diuretic 


Recommended initial dosage in mild to moderate essential hypertension-2'2 to 5 mg once daily 


Before prescribing, see complete prescribing 
information in the package insert, or in PDR, or 
available from your Pennwalt representative. The 
following is a brief summary. Indications: 
Zaroxolyn (metolazone) is an antihypertensive 
diuretic indicated for the management of mild to 
moderate essential hypertension as sole thera- 
penie agent and in the more severe forms of 
ypertension in conjunction with other anti- 
hypertensive agents. Also, edema associated with 
heart failure and renal disease. Contraindications: 


Anuria, hepatic coma or precoma; allergy or hyper- 


sensitivity to Zaroxolyn. Or, as a routine in other- 
wise healthy pregnant women. Warnings: In 
theory cross-allergy may occur in patients 
allergic to sulfonamide-derived drugs, thiazides 
or quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients; 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted or 
precipitated. Considerable potentiation may 
occur when given concurrently with furosemide. 
When used concurrently with other antihyper- 
tensives, the dosage of the other agents should 
be reduced. Use with potassium-sparing diuretics 
may cause potassium retention and hyper- 
kalemia. Administration to women of childbearing 
age requires that potential benefits be weighed 


against possible hazards to the fetus. Zaroxolyn 
appears in the breast milk. Not for pediatric use 
Precautions: Perform periodic examination of 
serum electrolytes, BUN, uric acid, and glucose 
Observe patients for signs of fluid or electrolyte 
imbalance. These determinations are particularly 
important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are admin- 
istered. Patients treated with diuretics or corti- 
costeroids are susceptible to potassium deple- 
tion. Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia or 
those with severely impaired renal function. 
Hyperglycemia and glycosuria may occur in 
latent diabetes. Chloride deficit and hypo- 
chloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia 
may occur in edematous patients in hot weather. 
Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric 
distress, intrahepatic cholestatic jaundice, 
hepatitis, syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 
volume depletion, hemoconcentration, venous 
thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyper- 


glycemia, glycosuria, raised BUN or creatinine, 
fatigue, muscle cramps or spasm, weakness, 
restlessness, chills, and acute gouty attacks. 
Usual Initial Once-Daily Dosages: mild to 
moderate essential hypertension—2'% to 5 mg; 
edema of cardiac failure—5 to 10 mg; edema of 
renal disease—5 to 20 mg. Dosage adjustment 
may be necessary during the course of therapy. 
How Supplied: Tablets, 2%, 5 and 10 m 
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tion of metolazone in the treatment of essential 
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Prescription Products. 


Ds MENNWALT 


Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester. New York 14603 


s y è Ay, ra 


5x 


ae è a. ‘. Š : 
a hea S eS 


rA 


ee 
Si eae eed hue RES Seal 


res 
Enas 


Pirau 


f AEN ne Aa 


rA < 
LEEN PAS AT. 


oe: 


SN ELA Se ee 


DECEMBER 1977 


The American Journal of CARDIOLOGY” 
VOLUME 40 


. NUMBER 6 


CLINICAL STUDIES 


839 Clinical and Electrophysiologic Observations in Patients With Concealed Accessory Atrioventricular 
Bypass Tracts 


RUEY J. SUNG, HENRY GELBAND, AGUSTIN CASTELLANOS, JUAN M. ARANDA and ROBERT J. 
MYERBURG 


As shown in these 12 of 46 consecutive patients with paroxysmal supraventricular tachycardia or atrial flutter- 
fibrillation without electrocardiographic evidence of ventricular preexcitation, concealed Wolff-Parkinson-White 
syndrome can occur from the neonatal period to the age of 71 years. Factors that favor retrograde activation of 
the accessory pathway and the atrium include (1) spontaneous decrease in the sinus or atrial cycle length result- 
ing in a decrease in the retrograde refractory period of the accessory pathway on the atrium, or both, and (2) a 
delay in the impulse arrival at the ventricular end of the accessory pathway, such as prolongation of the A-V 
nodal-His Purkinje conduction time or the development of ipsilateral bundle branch block. Clues for diagnosing 
this condition and for the differential diagnosis of A-V nodal reentrant tachycardia and ventricular (fascicular) 
tachycardia are presented. The goal of medical therapy may be achieved by increasing the refractoriness of the 
atrium or the accessory pathway (in retrograde direction), or both, quinidine being a drug of choice. Pacemaker 
therapy and surgical intervention may be indicated in selected patients refractory to antiarrhythmic agents. 


848 Concealed Anomalous Cardiac Conduction Pathways: a Frequent Cause of Supraventricular 
Tachycardia 
PAUL C. GILLETTE 


It has been recently recognized that some atrioventricular (A-V) bypass pathways unable to conduct from the 
atrium to the ventricle can participate in reentry circuits by conducting from the ventricle to the atrium during su- 
praventricular tachycardia while the A-V node and the bundle of His act as the anterograde limb of the circuit. 
Such patients may show a normal surface electrocardiogram. In this study, 10 of the 15 patients with one or 
more documented episodes of supraventricular tachycardia but no periods of Wolff-Parkinson-White syndrome 
showed such a concealed anomalous conduction pathway as part of the reentry circuit responsible for the tachy- 
cardia. Eight were successfully treated with drugs. Surgical division of the concealed pathway stopped recur- 
rences for 9 and 15 months, respectively, in two patients unresponsive to medical management. Three of the 
15 patients had automatic ectopic atrial tachycardia and two had sinoatrial nodal reentry as the mechanism for 
their tachycardia. 
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.during episodes of emotional stress 


SUMMARY OF PRE SCRIBING INFORMATION (isosorbide dinitrate) may be taken for prompt relief of angina pain three or 
* Indications: Based o Sr a TaviGueor| this drug by The National Ag pE ademy four times daily. Although the onset and duration of effect of coronary 
of Sciences—National Research Council and/or other information nitrates may vary, following is the generally reported range of these values 
- . inati f tor CHEWABLE SORBITRATE 
FDA has classified the indications as follows : 
Probably” effective: The chewable dosage form of SORBITRATE one of Effect OTS minutes 
is indicated for the treatment of acute anginal attacks and for prophy- uration of Effect: One to two hours 
laxis in situations likely to provoke such attacks 


Final classifications of the less-than-effective indications requires 
_further investigation. 
Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may Occur ® 5 mg x 


Adverse Reactions: Headache which may be severe and persistent. Low- 


ering the dose and using analgesics will help control the headaches which ( KNoNo).d:]|D]3 DINITRATE ) 


usually diminish or disappear as therapy is continued. 


Adversereactionsseen occasionally: Cutaneous vasodilation with fush- 
ing; transient dizziness and weakness as well as other signs of cerebral UP JLO) 2 HOURS 0) = 


ischemia associated with postural hypotension; individual marked sensi- 

tivity to the hypotensive effects of nitrates wherein severe responses can ANGIN A PROT ECT ION. 40 

occur even. with the usual therapeutic dose (alcoho! may enhance this 

effect), drug rash and/or exfoliative dermatitis AT MEA TIME AN v 
This drugcan actas a physiological antagonist to norepinephrine, acetyl- L EEE D AN 

choline, histamine and other agents. 

Dosage and Administration: /ndividual Dose: To minimize hypotensive re- OTHER TIME 0) STRESS. 


sponses, which may occasionally be severe with chewable doses as low 
as 5 mg., the smallest effective dose should be employed. Chewable tab- 
lets are generally given in doses of 5 mg . a 

Dosage Schedule: Smallest effective dose necessary for the prevention OPE TRARKACEUTICALS | Div. of ICI Americas Inc 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE i ; 
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. Chiorthalidone USP) 


Blocks sodium retention longer 


As step-1 therapy 


Diuretics reduce blood pressure by blocking sodium retention to lower 


“effective” volume. But, the body's renal compensatory mechanisms are 
mobilized to promote sodium conservation, expand “effective” volume 
and reelevate blood pressure. Sustained control of “effective” volume is 
therefore essential to treatment. Hygroton blocks sodium retention longer 


than any other diuretic available. 


As baseline diuretic in step-2 therapy 


Reduced blood pressure resulting from the use of step-2 agents (reser- 
pine, methyldopa, propranolol) may cause compensatory sodium reten- 
tion, secondary volume expansion and, eventually, reelevation of blood 
pressure. For this reason, the National Task Force? recommends the use 
of diuretics as baseline agents with step-2 therapy. Hygroton is an “ideal” 
choice because of its sustained blockade of sodium retention, dosage 
simplicity and enhanced patient compliance. 


Hygroton 50mg. 


(chiorthalidone USP) 


Provides smooth,sustained control 


BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema. 


Contraindications: Anuria, hypersensitivity to chlorthalidone or other 
sulfonamide-derived drugs. 


Warnings: Should be used with caution in severe renal disease, impaired 
hepatic function or progressive liver disease. May add to or potentiate the 
action of other antihypertensive drugs. Sensitivity reactions may occur in 
patients with a history of allergy or bronchial asthma. Thiazides cross the 
placental barrier and appear in cord blood. Use in pregnant women requires 
that the anticipated benefits of the drug be weighed against possible hazards 
to the fetus. These hazards include fetal or neonatal jaundice, 
thrombocytopenia, and possibly other adverse reactions which have occurred 
in the adult. In nursing mothers, thiazides cross the placental barrier and 
appear in breast milk. If use of the drug is essential, the patient should stop 
nursing. 

Precautions: Periodic determination of serum electrolytes to detect possible 
electrolyte imbalance should be performed at appropriate intervals. All 
patients receiving chlorthalidone should be observed for clinical signs of fluid 
or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte determinations are particularly 
important when the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to hypokalemia. Digitalis 
therapy may exaggerate metabolic effects of hypokalemia especially with 
reference to myocardial activity. Any chloride deficit is generally mild and 
usually does not require specific treatment except under extraordinary 
circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or 
gout be pe praod in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent diabetes 
mellitus may become manifest. Chlorthalidone and related drugs ma) 
increase the responsiveness to tubocurarine. The antihypertensive effects of 


the drug may be enhanced in the postsympathectomy patient. Chlorthalidone 
and related drugs may decrease arterial responsiveness to norepinephrine. If 
progressive renal impairment becomes evident, as indicated by a rising 
nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic 
therapy. Chlorthalidone and related drugs may decrease serum PBI levels 
without signs of thyroid disturbance. 

Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, cramping, 
diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; 
leukopenia, agranulocytosis, thrombocytopenia, aplastic anemia; purpura, 
photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous 
vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic 
hypotension may occur and may be aggravated by alcohol, barbiturates or 
narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. 
Whenever adverse reactions are moderate or severe, chlorthalidone dosage 
should be reduced or therapy withdrawn. 

Usual Dose: One tablet daily. 


How Supplied: Tablets— 100 mg. (white, scored) and 50 mg. (aqua) in bottles 
of 100 and 1000; PAKs of 28 tablets, boxes of 6. 
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4 853 Alternating Wenckebach Periods Occurring in the Atria, His-Purkinje System, Ventricles and Kent 
ie Bundle 


AGUSTIN CASTELLANOS, RUEY J. SUNG, JUAN L. ALDRICH, IVAN J. MENDOZA and ROBERT J. 
MYERBURG 


Alternating Wenckebach periods (episodes of 2:1 block during which there is a gradual prolongation of the trans- 
mission intervals preceding the appearance of 3:1 or 4:1 block) may also be a tachycardia-dependent phenome- 
non occurring above, below or outside the atrioventricular (A-V) node and may explain a variety of spontaneous 
or electrically induced arrhythmias whose significance depends on their clinical setting. Alternating Wencke- 
bach block at the His-Purkinje level during sinus rhythm is a clinically significant conduction disturbance presum- 
ably requiring permanent pacing. The examples described in this report help in understanding the bizarre con- 
duction patterns seen in patients with the Wolff-Parkinson-White syndrome, A-V nodal bypass tracts and dual 
A-V nodal pathways when rapid atrial stimulation is performed to induce atrial flutter or fibrillation in the cardio- 
vascular laboratory under controlled conditions. 


Continuous Holter Monitoring of Patients With Bifascicular Block Complicating Anterior Wall 
Myocardial Infarction 


EDGAR LICHSTEIN, ATAOLLAH LETAFATI, PREM K. GUPTA and KUL D. CHADDA 


The hospital mortality rate in this study of 14 patients with acute anterior wall myocardial infarction complicated 
by bifascicular block was 50 percent. Cardiogenic shock caused death in five. Holter monitoring revealed com- 
plete heart block in three patients, atrial fibrillation in two, accelerated ventricular rhythm in two, ventricular 
tachycardia in two and ventricular fibrillation in one. Prophylactic temporary pacemaker insertion is warranted 
in patients when myocardial infarction is complicated by bifascicular block and can aid in the suppression and 
therapy of ventricular arrhythmia. It allows safer use of large doses of lidocaine in patients with bifascicular and 
trifascicular disease. 


Relation Between the Site of Origin of Ventricular Premature Complexes and the Presence and 
Severity of Coronary Artery Disease 


MONTY M. BODENHEIMER, VIDYA S. BANKA and RICHARD H. HELFANT 


This study of 39 patients with ventricular premature complexes of right or left ventricular contour undergoing 
cardiac catheterization and coronary arteriography for chest pain showed no relation between the site of origin 
of these complexes and either the prevalence or severity of coronary artery disease. Fully 65 percent of the pa- 
tients with ventricular premature complexes of a right ventricular contour had coronary artery disease and, con- 
versely, 38 percent of 29 patients with coronary artery disease had ventricular premature complexes of a right 
ventricular contour. Most studies demonstrate that the association between sudden death (presumably ventricu- 
lar fibrillation) and ventricular premature complexes relate to their number and not to their complexity (multiform 
beats or salvos). This study supports the association between coronary artery disease, asynergy and left ventric- 
ular premature complexes. At times it may be difficult to determine precisely the site of origin of ventricular pre- 
mature complexes on the basis of the bundle branch pattern seen in the surface electrocardiogram. 


Risks and Benefits of Postoperative Cardiac Catheterization in Patients With Ball Valve Prostheses 


MARK J. MORTON, JOHN H. McANULTY, SHAHBUDIN H. RAHIMTOOLA and NAINA AHUJA 


The results of these two studies to evaluate the risks and benefits of postoperative cardiac catheterization in pa- 
tients with a ball valve prosthesis show that therapeutic anticoagulation is associated with increased risk from 
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Stress testing is rapidly becoming a standard diagnostic 
tool. But setting up your own stress testing unit can be costly. | 
The equipment shown here will give you a basic system, % 
flexible enough to build on for years to come. A 
Select a treadmill that will last. The treadmill is the basic A 
workhorse of the system. It has to be durable. For 16 years, A 
Quinton treadmills have been the standard in re- A 
search centers, heart clinics and everyday practice. ¢ = 
We build seven models. All feature endless J 
nylon belts for extra long service life, aircraft 
type honeycombed aluminum decks, lifetime 4 
lubricated bearings and heavy duty AC motors . 
with “no jerk” speed control. K 
Quinton treadmills offer variable speed and atk -A 
elevation with metered readouts for both. Treadmill Moda Soot 0 al 
Select a practical multi-channel ECG 7 
Pe ee ae monitor. Quinton offers a variety of ECG monitors. Our 4 
a Model 623 two-channel unit has the versatility of multiple 4 
channel monitoring without the expense of three channel a 
systems. À 
The Quinton Model 623 gives you pushbutton lead 4 
selection and lets you display and record any two leads d 
simultaneously. With the QRS Sync feature, each consec- | 
utive QRS complex can be expanded to the full width of the x 
screen, making even small changes obvious immediately. ’ 
No battery packs are required with the 623 and the i| 
Model 623 ECG Monitoring System internal calibration system not only checks the recorder | 
before you conduct a test, it also checks the oscilloscope, patient cables and heart p 
rate meter to assure you of total system accuracy. JA 
Build the system as your practice grows. Quinton offers at 
ME number of special purpose units which will expand the system’s 4 
— capabilities as your needs grow. A 





A Quinton programmer allows you to concentrate on the 
monitor and the patient while the test progresses automatically. “4 
‘ SETA ETE The Quinton ECG i ERN bese Model 740 ECG Data Computer: | 
Treadmill Programmer Data Computer digitally el | 

2 — . ; 
displays the heartrate, S-T level and S-T slope. PoS a 2 











It averages the signal to help you “see Bee I x 
noisy ECG, and it records heartrate, S-T : E 
changes, arrhythmias and 20 beat ECG averages. Model 611 Cardiotachometer = 

The Quinton cardiotachometer computes and digitally displays heartrate on an 


instantaneous, beat-by-beat basis. For details on all these products, contact Quinton 
Instrument Co., Dept. E16, 2121 Terry Avenue, Seattle, Washington 98121. 
Call 206/223- 7373 or dial toll free 800-426-0538. QuUINITONI 
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DYAZIDE 


Each capsule contains 50 mg. of Dyrenium” (brand of triamterene) Trademark 
and 25 mg. of hydrochlorothiazide. 





TRIAMTERENE LIMITS POTASSIUM LOSS AS 
HYDROCHLOROTHIAZIDE LOWERS BLOOD PRESSURE 


You can’t expect to make the asymptomatic patient feel better, but it’s easy to make him feel 
worse. And the active, younger patient won't put up with side effects or complex drug 
schedules that interfere with his busy life. With potassium-sparing ‘Dyazide’, hypokalemia 
and its attendant fatigue, muscle cramps and malaise are seldom a problem. 


Convenient, economical for long-term control 

One or two capsules, once or twice daily for maintenance, according to the response of the 
patient. Tedious, expensive K* -rich diets or potassium salts should not be used unless hypo- 
kalemia develops or dietary K+ intake is markedly impaired. 


Serum K+ and BUN should be checked periodically 


particularly in the elderly, diabetics, and those with suspected or confirmed renal insuffi- 

ciency (See Warnings in Brief Summary). Elevated serum potassium levels can occur because 

of the K+-sparing effect of triamterene, but they are rare in patients with normal renal func- 

tion. If hyperkalemia develops, substitute a thiazide alone. Routine use of diuretics in healthy 

pregnant women is inappropriate. 

*Not for initial therapy (see box warning). See next page for brief summary of prescribing. SKSSF CO. 
information, including indications, contraindications and adverse reactions. a SmithKline company 
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Before prescribing, see complete prescribingiffor- 
= mation in SK&F Co. literature or PDR. A brief 
k summary follows: r; 
f * 
WARNING 
This drug is not indicated for initial therapy of 
edema or hypertension. Edema or hypertension 
requires therapy titrated to the individual. 
If this combination represents the dosage so 
* determined, its use may be more convenient in 
patient management. Treatment of hyperten- 
sion and edema is not static, but must be 


reevaluated as conditions in each patient 
warrant, 





* Indications: When the combination represents the 
dosage determined by titration: Adjunctive therapy 
in edema associated with congestive heart failure, 
hepatic cirrhosis, the nephrotic syndrome. Corti- 

costeroid and estrogen-induced edema, idiopathic 
edema; hypertension, when the potassium sparing 
action of triamterene is warranted. (See Box 
Warning.) Routine use of diuretics in healthy preg- 
nant women is inappropriate; they are indicated in 
pregnancy only when edema is due to pathological 
causes. 


Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction, hyperkalemia. 
Pre-existing elevated serum potassium. Hypersen- 
sitivity to either component or other sulfonamide- 
derived drugs. 

Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly im- 
paired. Hf eupplemnentary potassium is needed, 
potassium tablets should not be used. Hyper- 
kalemiacan occur, and has been associated with car- 
diac irregularities. It is more likely in the severely 
ill, with urine volume less than one liter/day, the 
elderly and diabetics with suspected or confirmed 
renal insufficiency. Periodically, serum K+ levels 
should be determined. If hyperkalemia develops, 
substitute a thiazide alone, restrict K+ intake. 
Associated widened QRS complex or arrhythmia 
requires prompt additional therapy. Thiazides 
cross the placental barrier and appear in cord 
blood. Use in pregnancy requires weighing antic- 
ipated benefits against possible hazards, includ- 
ing fetal or neonatal jaundice, thrombocytopenia, 
other adverse reactions seen in adults. Thiazides 
appear and triamterene may appear in breast milk. 
If their use is essential, the patient should stop 
nursing. Adequate information on use in children 
is not available. 


o Precautions: Do periodic serum electrolyte deter- 
P Trademark minations (particularly important in patients 


® vomiting excessively or receiving parenteral fluids), 
Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics 


or those with suspected or confirmed renal insuffi- 
ciency. Watch for signs of impending coma in 
severe a eae If planeta is may eit 
\ è a comitantly, determine serum K* frequently; bot 

k Each capsule contains 50 mg. of Dyrenium” (brand of triamterene) oan cannes oT ia and CSS eden Ke 

y- and 25 mg. of hydrochlorothiazide. Two deaths have been reported with such con- 

j comitant therapy (in one, recommended dosage 

was exceeded, in the other serum electrolytes 


were not properly monitored). Observe regularly 
for possible blood dyscrasias, liver damage, other 


i TRIAMTERENE LIMITS idiosyncratic reactions. Blood dyscrasias have 

$ been reported in patients receiving triamterene, 

- and leukopenia, thrombocytopenia, agranulocy- 

POTASSIUM LOSS AS tosis, and aplastic anemia Bava been reported with 
thiazides. Triamterene is a weak folic acid antag- 

- onist. Do periodic blood studies in cirrhotics with 

? splenomegaly. Antihypertensive effect may be 

fy. enhanced in post-sympathectomy patients. Use 

LOWERS BLOOD PRESSURE cautiously in surgical patients. The following may 
occur: transient elevated BUN or creatinine or 


both, hyperglycemia and glycosuria (diabetic 

insulin requirements may be altered), hyperuri- 

cemia and gout, digitalis intoxication (in hypo- 
4 kalemia), decreasing alkali reserve with possible 
metabolic acidosis. ‘Dyazide’ interferes with fluo- 

rescent measurement of quinidine. 

Adverse Reactions: Muscle cramps, weakness, 

dizziness, headache, dry mouth; anaphylaxis, rash, 
$ urticaria, photosensitivity, purpura, other dermato- 
- logical conditions; nausea and vomiting, diarrhea, 
K constipation, other gastrointestinal disturbances. 
by Necrotizing vasculitis, paresthesias, icterus, pan- 
creatitis, xanthopsia and, rarely, allergic pneu- 
monitis have occurred with thiazides alone. 


Supplied: Bottles of 100 and 1000 capsules; Single 
Unit Packages of 100 (intended for institutional 
use only). 
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cardiac catheterization, but that in patients with a less than therapeutic level of anticoagulation, cardiac cathe- 
terization can be performed at low risk. Patients with a ball valve prosthesis who manifest clinical-hemodynamic 
deterioration should undergo postoperative cardiac catheterization because of the high incidence rate of cor- 
rectable abnormalities in these patients. The major complication rate for patients with transthoracic left ventric- 
ular puncture with ventriculography was 24 percent and for patients with therapeutic anticoagulation 18 percent. 
In the second study no complications occurred in 45 patients with a reduced level of anticoagulation. 


876 Healed Left-Sided Infective Endocarditis: a Clinicopathologic Study of 59 Patients 
WILLIAM C. ROBERTS and NEIL A. BUCHBINDER 


In this clinical and morphologic study of 59 patients with a history of active left-sided infective endocarditis eradi- 
cated by antibiotic therapy, examination of the heart at necropsy (42 patients) or at operative valve replacement 
(17 patients) revealed that 51 percent had anatomic lesions attributable to the healed infective endocarditis: cus- 
pal perforations in 16 patients, rupture of chordae tendineae in 15 and aneurysms at or near the involved valve 
in 3. Among the patients with healed endocarditis the infection more commonly involved a previously abnormal 
valve, the causative organism was more likely to be alpha streptococcus and recognized predisposing factors 
were less frequent. It also appears that the thicker the valve before infection, the greater the chance of survival 
during the infection. 


889 Thallium-201 Myocardial Perfusion Imaging in Aortic Valve Stenosis 


IAN K. BAILEY, PATRICIA C. COME, DAVID T. KELLY, ROBERT D. BUROW, LAWRENCE S. C. 
GRIFFITH, H. WILLIAM STRAUSS and BERTRAM PITT. 
With the technical assistance of William Montgomery and Edward Raab 


Although noninvasive thallium-201 myocardial perfusion imaging is of value in assessing the results of surgery 
in patients with aortic stenosis, this technique fails to separate those with aortic stenosis and coronary artery dis- 
ease from those with only aortic stenosis, presumably because similar mechanisms produce ischemia in both 
types of patients. The finding of a diminished chronotropic response and low work load achievement during exer- 
cise in a patient with aortic stenosis might be a clue to the presence of coronary artery disease. However, selec- 
tive coronary arteriography must still be recommended in all adult patients being evaluated for aortic valve re- 
placement. 


900 Left Ventricular Hemodynamics and Function in Acute Myocardial Infarction. Studies During the Acute 
Phase, Convalescence and Late Recovery 


WOLFRAM KUPPER, WALTER BLEIFELD, PETER HANRATH, DETLEV MATHEY and SVEN EFFERT 
These hemodynamic data in 70 patients with acute myocardial infarction show that the degree of improvement 
of impaired left ventricular function depends on the initial deterioration and that the improvement develops main- 


ly during the first 6 weeks after infarction, with no significant change during the following 9 to 12 months. These 
data also demonstrate that infarct size determines the degree of residual impairment of left ventricular pump 
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function. In patients with only slightly reduced left ventricular performance during the acute phase of infarction, 
function recovers to normal during convalescence, but in patients with greatly reduced left ventricular function 
the latter remains impaired during convalescence. These data will be useful in decisions about the duration of 
hospitalization and rehabilitation after uncomplicated completed acute myocardial infarction. 
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906 Aortocoronary Bypass Saphenous Vein Graft Atherosclerosis. Anatomic Study of 99 Vein Grafts From 
Normal and Hyperlipoproteinemic Patients Up to 75 Months Postoperatively 


J. T. LIE, GERALD M. LAWRIE and GEORGE C. MORRIS, Jr. 


Corroborating experimental animal studies that autogenous vein grafts implanted in the arterial circulation are 
probably more susceptible than arteries to atherosclerosis, especially in animals with induced hypercholesterol- 
emia, this anatomic study of 99 saphenous vein grafts recovered at autopsy from 55 survivors of aortocoronary 
bypass revealed that true atherosclerosis developed in these grafts in 11.5 percent of normolipemic patients and 
in 78.6 percent of hyperlipemic patients who survived 13 to 75 months after operation. Both the interval after by- 
pass and the patient’s blood lipid profile were important determinants of vein graft atherosclerosis. It appears 
desirable to make vigorous efforts to reduce effectively the blood lipid levels in such patients at risk, preferably 
beginning before and continuing after aortocoronary bypass. 
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EXPERIMENTAL STUDIES 


915 Longitudinal Dissociation of Bachmann’s Bundle as a Mechanism of Paroxysmal Supraventricular 
Tachycardia 


SATOSHI OGAWA, LEONARD S. DREIFUS and MARY JANE OSMICK 


This study in dogs reveals that conduction in Bachmann's bundle, a thick atrial muscle bundle directly connecting 
the right and left atria, can be longitudinally dissociated into two or more pathways by premature stimulation and 
conditions known to produce atrial conduction delay. It remains uncertain whether such longitudinal dissociation 
requires two anatomically separate conduction pathways or whether a functional duality is sufficient to cause 
this phenomenon in the atrial conduction system. As an approach to the more precise identification of the acti- 
vation sequence of the high left atrium and Bachmann's bundle, positioning a bipolar catheter electrode in the 
proximal portion of the right pulmonary artery may be useful clinically to localize more precisely atrial reentry 
and the mechanisms of supraventricular tachycardia. Bachmann's bundle can undergo functional dissociation 
as evidenced by fragmentation of electrograms and discontinuous curves. Bachmann’s bundle reentry can also 
be considered one mechanism of supraventricular tachycardia, but Bachmann’s bundle is indistinguishable with- 
out precise mapping of atrial activation. 


923 Effect of Potassium on Supernormal Conduction in the Bundle Branch-Purkinje System of the Dog 
JOSEPH F. SPEAR and E. NEIL MOORE 


These experiments in 14 open chest anesthetized dogs demonstrated a period of supernormal conduction in 
which the conduction times of premature beats were faster than during earlier or later beats throughout the bun- 
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dle branch-Purkinje system in 18 of 24 cases at normal plasma potassium levels of 2.9 to 5.5 mEq/liter. The 
magnitude of the supernormal period decreased with increasing concentrations of potassium and was eliminated 
at levels above 6.0 mEq/liter. This type of supernormal conduction in the bundle branch-Purkinje system of the 
intact dog must have a mechanism similar to that of supernormal conduction in the isolated tissue, and the potas- 
sium dependence described for this type of supernormality may aid the identification of the mechanism for sup- 
ernormality in man. 


Influence of Excitability on the Ventricular Fibrillation Threshold in Dogs 


WINSTON E. GAUM, VICTOR ELHARRAR, PATRICK D. WALKER and DOUGLAS P. ZIPES 


Interventions that influence excitability threshold of the heart are generally associated with similar changes in 
ventricular fibrillation threshold, and the excitability threshold influences the ventricular fibrillation threshold. 
However, under certain circumstances multiple factors may influence the ventricular fibrillation threshold, and 
changes in threshold may not always indicate the some directional changes in the ‘‘electrical stability’’ of the 
heart. In these dog studies discordance between such stability and the ventricular fibrillation threshold was found 
during myocardial ischemia and in several other situations. 


PEDIATRIC CARDIOLOGY 


936 Hereditary Conotruncal Septal Defects in Keeshond Dogs: Embryologic Studies 


951 
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LODEWYK H. S. VAN MIEROP, DONALD F. PATTERSON and WILLIAM R. SCHNARR 


These studies demonstrate that the intracardiac anomalies in the Keeshond dog strain are caused by maldevel- 
opment of the embryonic conotruncal septum. Serial sections of 46 young embryos from normal mongrel dogs 
and 36 from an affected Keeshond strain with a hereditary cardiovascular defect involving mainly the ventricular 
outflow tract, and wax plate reconstructions from 14 normal and 16 abnormal embryo hearts revealed that the 
most important abnormality underlying the outflow tract anomalies represents a varying degree of hypoplasia 
of the conus cushions and in the severe forms also of the truncus cushions of the early embryonic heart. Associ- 
ated pulmonary valve lesions, when present, were due to dysplasia of the cusp anlagen or commissural fusion, 
or both. 


REPORT ON THERAPY 


Effectiveness of Intraaortic Balloon Pumping Without Cardiac Surgery for Patients With Severe Heart 
Failure Secondary to a Recent Myocardial Infarction 


FRANS HAGEMEIJER, JOHN D. LAIRD, MAX M. P. HAALEBOS and PAUL G. HUGENHOLTZ 


Intraaortic balloon pumping without cardiac surgery proved an effective method for treating severe pump failure 
after an acute myocardial infarction. In this series of 25 patients, 14 survived 3 or more months after an acute 
infarction complicated by serious pump failure. Five patients died during intraaortic balloon pumping, two at the 
end of the weaning procedure; both failed to respond to resumption of 1:1 pumping. Salvage of the ischemic 
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myocardium is an emergency, and intraaortic balloon pumping can delay the evolution from ischemia to necro- 
sis. Although circulatory assistance should be initiated as soon as possible, it should be attempted even when 

. the first symptoms of myocardial infarction occurred more than 24 hours earlier. The quality of life enjoyed by 
the long-term survivors is similar to that of other people who sustained a less severe myocardial infarction. The 
major difference is the need for abundant medication, necessitated by heart failure and by serious ventricular 
rhythm disturbances. 


957 Effect of Procainamide on Reentry Within the His-Purkinje System in Man 


C. PRATAP REDDY, ANTHONY N. DAMATO, MASOOD AKHTAR, MALKIAT S. DHATT, JOSEPH A. C. 
GOMES and ANTONINO H. CALON 


A single intravenous infusion of 500 mg of procainamide in 10 patients modified but did not abolish the zone of 
reentry, increased both anterograde and retrograde conduction times within the His-Purkinje system (manifested 
by longer H2-V3 intervals and greater S2—Hp intervals, respectively, during reentry) and increased conduction 
time and refractoriness within the anterograde limb of the reentrant circuit. The results of this study differ from 
the usual clinical experience wherein most ventricular arrhythmias respond partially or completely to 500 mg 
doses of procainamide. The observed differences between the effects of procainamide on macro- and micro- 
entry may be explained on the basis of the relation between drug effect and size of the reentrant circuit. Procain- 
amide may produce a greater increase in refractoriness in a micro-reentrant circuit than in macro-reentry. 


REVIEWS 


965 The Sinus Node 


THOMAS N. JAMES 


Paying tribute to his many predecessors in cardiology and to Bruno Kisch, an early past president of the Ameri- 
can College of Cardiology, who correctly emphasized that “the sinus node is the essence of life,” James re- 
views the new information and data about the normal and abnormal sinus node that his extensive research has 
uncovered and clarified. His investigations show that the distinctive P cell is probably the site of origin of the 
sinus impulse; the second major component of the sinus node is the transitional cell, whose principal function 
is distribution of the sinus impulse out of the node. Junctions between transitional cells and P cells contain a larg- 
er number of membrane specializations although they are not usually fully formed intercalated discs. Conduction 
is slower in the sinus node than in any other part of the heart except the atrioventricular node. Some new laws 
of the heart dealing with governance of cardiac rhythm are presented. 


HISTORICAL MILESTONES 


| 987 Willem Einthoven’s Fortuitous Invention 


$ 


EDWARD SHAPIRO 


Unpredictable genius, like that of Willem Einthoven, requires not only a dedicated prepared mind but also a free 
hand to conduct valuable research. As these timely remarks on the 50th anniversary of the death of the inventor 
of the electrocardiograph emphasize, a study of Einthoven’s life makes it almost unbelievable that he would 
have had any interest in the heart or bioelectric phenomena. Yet he did, and this historical milestone tells why. 
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DIAGNOSTIC SHELF 


: 989 Echocardiographic Interpretation in the Presence of Swan-Ganz Intracardiac Catheters 


p 






*“YZHAR CHARUZI, ROBERT KRAUS and H. J. C. SWAN 


Echocardiograms of patients with indwelling balloon flotation catheters reveal strong echoes in the chamber and 
outflow tract of the right ventricle that can mimic right heart structures and whose reverberations can be con- 
fused with left heart structures. A high degree of suspicion will help avoid many potential errors in echocardi- 
ographic diagnosis related to Swan-Ganz catheters. When the identity of an echo cannot be determined with cer- 
tainty, the catheter should be removed from the right ventricle, green dye injected into the right ventricle or air 
inflated into the balloon. 


CASE REPORTS 


995 Cardiomyopathy in an Adult With Bartter’s Syndrome and Hypokalemia. Hemodynamic, Angiographic 
and Metabolic Studies 


JAMES L. POTTS, THEODORE G. DALAKOS, DAVID H. P. STREETEN and DAVID JONES 


A 27 year old woman with adult Bartter’s syndrome (hyperplasia of the juxtaglomerular complex with hyperal- 
dosteronism and hypokalemic alkalosis) was found clinically and at postmortem study to have hypokalemic car- 
diomyopathy. During the latter part of her life she presented with cardiomegaly, hypokalemia, repetitive ventric- 
ular arrhythmias and generalized muscular weakness. Cardiac catheterization studies revealed elevated left 
ventricular end-diastolic pressure, left ventricular hypokinesia and low ejection fraction. This case presents the 
serious threat that severe hypokalemia poses, acutely in the form of dangerous arrhythmias and chronically in 
the long-term development of cardiomyopathy. 


< 1000 Acute Myocardial Infarction With Normal and Near Normal Coronary Arteries. Documentation With 
Coronary Arteriography Within 12 1/2 Hours of the Onset of Symptoms in Two Cases (Three 
Episodes) 


PHILIP B. OLIVA and JOHN C. BRECKINRIDGE 


These two case reports (with three episodes of infarction) illustrate that acute myocardial infarction may occur 
in the absence of angiographic coronary artery disease, and that little or no evidence of the initiating process 
may be demonstrable in arteriograms obtained within 12 1/2 hours after the onset of symptoms. Although in 
these cases the mechanism of acute myocardial infarction with normal or near normal coronary arteries remains 
obscure, temporary total or subtotal occlusion of an epicardial coronary artery by arterial spasm or platelet ag- 
gregates, or both, is the most probable cause. In such patients with normal or near normal coronary arteries, di- 
pyridamole is a rational therapeutic choice. This drug inhibits platelet aggregation and is a potent coronary vaso- 
dilator. 


EDITORIAL 


1008 The Coronary Microcirculation 


WOLFGANG SCHAPER and JUTTA SCHAPER 
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the one you'll reach for > 
when a life is at stake... = : 
and every second counts! Ys 


The IPCO/ Pantridge #280 “Hotline” is a battery 
operated, hand portable defibrillator . . . designed by 
a cardiologist for quick response, easy operation, 
and reliability. 


Like other “hotlines” it’s always within reach; it’s red... 
and ready for action! 





















It’s a ready for-action defibrillator. 
It goes where the patient goes . . . through corridors, 
on elevators, between departments . . . or backs-up 
on-line defibs in critical care areas such as E. R., 
CCU, O. R., Radiology, etc. 


It’s an on-the-spot defibrillator — 
for patients in remote areas within the 
hospital, x-ray department, rehab 
centers, lounges, corridors... and 
especially in therapy and dynamic 
testing areas. 


The hand that holds it... 
controls it! 

Finger-tip controls, elec- 
trode, molded hand-grip, 
vu-meter for determining 
delivered charge and 
even emergency in- 
structions all are on the 
body of the “Hotline”. 
The second electrode 
rides “‘piggy-back”’ until 
ready for use... discon- 
nects in an instant and 

in 8 seconds the first 
charge can be delivered. 


It’s the smallest, lightest and 
easiest to use! 

Weight . . . only 7'/2 Ibs. including the battery, 
yet it delivers a reliable 320 - 340 Joules... 
up to 25 times from a fully charged battery. 


Reliability, Utility and Price Too! 

Nothing has been spared in quality to reduce 
the price of the “Hotline”.... But we have 
reduced the costly packaging and bulky 
glectronics of more expensive units. 


In critical areas ... when a life is at 
stake ... when someone reaches for a 
“Hotline”... will one be there? 


Let us show you how easy it is to say YES! 
For complete information or a demo, call or 


write: Š 

The monitor scope and recorder are EO MENTS 4 
available as optional equipment. Because DIVISION i 
you buy only what you need, you can afford a 
to install as many “Hotlines” as your i. 1025 le tf tages AVENUE, 
demands require. — » WHITE PLAINS, N.Y. 10604 i 
q — (914) 682-4570 | 
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(pentaerythritol tetranitrate) is a nitric acid ester of a tetrahydric 


alcohol (pentaerythritol). 


Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 


follows: 


“Possibly” effective: Peritrate (pentaerythritol tetranitrate), is 
indicated for the relief of angina pectoris (pain associated with 


coronary artery disease). It is not intended to abort the acute 
anginal episode but it is widely regarded as useful in the pro- 
i treatment of angina pectoris. 

inal classification of the less-than-effective indications 
requires further investigation, 


Contraindications: Peritrate SA Sustained Action (p 


tetranitrate) 80 mg and Peritrate (pentaerythritol te 





entaerythritol 
ranitrate) are 


contraindicated in patients who have a history of sensitivity to the 


drug. 


Warning: Data supporting the use of Peritrate (pentaerythritol tetra- 
nitrate) during the early days of the acute phase of myocardial. 
infarction (the period during which clinical and laboratory findings 


are unstable) are insufficient to establish safety. 


This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents. 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug, and cross-tolerance to other 


nitrites and nitrates may occur. 


Adverse Reactions: Side effects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of medi- 
cation) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In some 


cases severe, persistent headaches may occur. 


In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been re orted in the literature: 


A) Cutaneous vasodilatation with flushing. 


b) Transient episodes of dizziness and weakness, as well as 
other signs of cerebral ischemia associated with postural 


hypotension, may occasionally develop. 


(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pailor, perspiration and col- 
lapse) can occur, even with the usual therapeutic doses. 


Alcohol may enhance this effect. 


Dosage: Peritrate (pentaerythritol tetranitrate) may be administered 
in individualized doses up to 160 mg a day. Dosage can be initiated 
at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 40 mg 
(two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour before 
or one hour after meals and at bedtime. Alternatively, Peritrate Sus- 
tained Action 80 mg can be administered on a convenient b.i.d. 


dosage schedule. 


Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green/light graan tablets 


in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-00 
unit dose, package of 10 x 10 strips (N 0047-0004-11 ). 


4-60). Also 


Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tablets 


in bottles of 100 (N 0047-0008-51). 


Peritrate (pentaerythritol tetranitrate) 20 moighi 


tablets in bottles of 100 (N 0047-0001-51) and 100 


( 


reen, scored 
0047-0001-60 


Also unit dose, package of 10 x 10 strips (N 0047-0001-11). 
h 


Peritrate (pentaeryt 


ritol tetranitrate) 10 mg—light green, 


unscored tablets in bottles of 100 (N 0047-0007-51) and 


1000 (N 0047-0007-60). 


STORE BETWEEN 59° and 86° F (15° and 30° C). 
Animal Pharmacology: In a series of carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 48 
hours before an artifically induced occlusion of a major coronary 
artery and for seven days thereafter. The pigs were sacrificed at 
various intervals for periods up to six weeks. The result showed a 
significantly larger number of survivors in the drug-treated group. 
Damage to myocardial tissue in the dru -treated survivors was less 


extensive than in the untreated group. Studies in do 


s subjected tc 


oligemic shock through progressive bleeding have demonstrated 
that Peritrate (pentaerythritol tetranitrate) is vasoactive at the post- 
arteriolar level, producing increased blood flow and better tissue 
perfusion. These animal experiments cannot be translated to the 


drug's actions in humans. 
Full information is available on request. 


Warner/Chilcott 
Division, 
Warner-Lambert Company 


Morris Plains, N.J. 07950 
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Laragh’s HYPERTENSION MANUAL ` 


Every Specialist and Generalist will want to personally own this most 


complete treatment of Hypertension by t 


he world’s foremost authorities 


You Can Now Buy This Famous Bestseller in Three Convenient Paperback 


Regulation, Overriding Dominance of the Kidneys 


Patnogonasi and Management of Hypertensive 
Essenti 

A Review @ Diabetes and Hypertensive 
Therapeutic Management @ Adrenal Mineralocort 
Abnormal Relation Between Sodium and the Reni 
and Treatment W The khysiology 
Flow from Peripheral and Renal Vein Renin Levels 
Contralateral Suppression, Estimate Renal Plasm 





i 2. Methods—the methodology in- 

a volved in the evaluation of the physiologic pa- 

re gas ‘ rameters of high blood pressure. @ An Eval- 
uation of Measurement Performance of Selected 
Blood Pressure Devices m Assay of Plasma Cate- 
cholamines. An Approach to Evaluating Altered 
2 ail bt Activity in Essential Hypertension @ 
The Measurement of Plasma Renin Activity in 
Man @ Measurement of Urinary Aldosterone Ex- 
cretion in Man @ Radioimmunoassay of Plasma 
Aldosterone ™ Searching Out Low Renin Pa- 
“i Ea tients: Limitations of Some Commonly Used 

s Methods 


120 pages, 50 figures and tables, index, $7.50 


Edited by 
John H. Laragh, MD 


Please send me the following 





of Hypertension @ The Control of Renin Release @ The 
Renin-Aldosterone Patterns in Low Renin Hypertension ™@ Physiologic Characteristics of Hypertension a 
Performance m Neurogenic Factors in Human Hypertension: Mechanism or Myth? m The 

| l 1 ascular Diseases W Plasma Aldosterone-Renin Interrelationships in Various 
al Hypertension. Studies Using a ie rag dy Plasma Aldosterone @ Renin, Angiotensin and Myporensiye Vascular Damage: 
ascular 


Volumes Covering the Major Sections in the Original: 


1. MechanisSMS—ciinical teatures and the physiologic and biochemical mechanisms of hypertension m@ Arterial Pressure 


in Long-Term Regulation and in Hypertension m A Viewpoint Concerning the Enigma 
Control of Aldosterone Secretion in Normal and eee Man: Abnormal 
ood Pressure and Cardiac 

enin-Angiotensin-Aldosterone ayatam in 
orms of 


isease: Mechanisms and Treatment @ Toxemia of Pregnancy: Mechanism and 
icoid Hormones Causing Hypertension @ Hypertension in Chronic Renal Failure. An 
n-Angiotensin System @ Renovascular Hypertension. Mechanisms, Natural History 


of Renin Secretion in Essential hyperters oh Estimation of Renin Secretion Rate and Renal Plasma 


m Renovascular Hypertension: Renin Measurements to Indicate Hypersecretion and 
a Flow and Score for Surgical Curability 


505 pages, 150 figures and tables, index, $12.50 


3. Renin System, Drug Ther- 


HYPERTENSION . 
apy and Diet—the principles of man- 
RENIN SYSTEM agement and treatment, including the role of 
DRUG renin-aldosterone system in the strategy of 
peng hn x) treatment for high blood pressure. Also in- 


cludes special sections of hypertensive drug 
therapy and low sodium diet. m Vaso- 
constriction-Volume Analysis for Understanding 
and Treating Hypertension. The Use of Renin and 
Aldosterone Profiles m The Volume Factor in Low 
and Normal Renin Essential Hypertension. Its 
Treatment with Either Spironolactone or Chlor- 
thalidone m The Antihypertensive Action of Pro- 
pranolol. Spr Antirenin Responses in High 
and Normal Renin Forms of Essential, Renal, 
Renovascular and Malignant Hypertension W 
Antihypertensive Drug Therapy m Moderate Low 
Sodium Diet 


105 pages, 25 figures and tables, index, $7.50 
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Master Professor of Medicine 

Director of the Cardiovascular Center 

The New York Hospital—Cornell Medical Center 

and Founder of the Hypertension Center 
Columbia-Presbyterian Medical Center, New York, N.Y. 
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: HYPERTENSION Paperbacks 


Western Hemisphere Other Countries 








Fy Ass Mochan SmS: . inc thus sage SAN «ae cule D Ao EA Stel $42.50) ea ae ob rtd $14.00 
Pyro Methods... 2s ts sale e e aerate SA als arch a ope eee $ 50 cates teats $ 8.50 
O 3. Renin System, Drug Therapy and Diet ............-. Sis7:502 vad ches. ae $ 8.50 
O All three paperbacks on. inma oee i eee gece erence eens $25:00 ian Awe hl aases $30.00 
O ORIGINAL HARD COVER EDITION ..............--..- SIA OO grt $42.00 
NAME à 
Order individually at ADDRESS 
price indicated, 
or all three for $25.00 CITY STATE ZIP 











(a $2.50 savings). 


Limited number of original 
hard cover edition 


O Full payment enclosed, publisher absorbs shipping cost. O Send invoice, plus shipping cost (U.S. and Canada only). 
Countries outside Western Hemisphere please prepay in U.S. funds. 
New York State residents add applicable sales tax. 


available at $37.00. 


Coratemic L500 
the different lithium pacer 


Inside and out, Coratomic offers 
some important differences 
you can't find in an ordinary pacer 


different shape: 
Biocompatible, ovaloid shape 
and light 69-gram weight 
minimize pocket complica- 
tions and virtually eliminate 
“pacer bulge”. 


different battery: 

Mallory lithium battery 
offers solid-state, redundant 
and hermetic construction 
for patient safety. It has 
been used in over 4,000 
implants without failure. 


different welding: 

Laser welding, a Coratomic 
first in pacemaking since 
1973, together with 100% 
helium mass spectrometer 
leak testing, assures absolute 
hermeticity. 


different circuitry: 

Its simple. Coratomic uses 
fewer electronic components, 
assembles and tests each 
circuit in-house, to achieve 
consistent high reliability. 
Low current drain provides 

a warranted 10-year life at 
100% pacing. 


Our engineering is detailed in illustrated bro- 
chures. Our reliability is documented in an 
extensive, 60-page report. To receive 
copies, write: Mr. Stephen Cookston, 
Coratomic Inc., P.O. Box 434, Indiana, 


X-ray of pacer 


enlarged to show detai 


different philosophy: 
Coratomic operates by a 
different philosophy— 

one which focuses on concern 
for your patient's safety and 
comfort rather than on ease 

of high-volume production. 
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Newin Echocardiography... 


THE HOFFREL REAL-TIM 
TWO-DIMENSIONAL 
CARDIAL 
SECTOR 
SCANNER 


Features of the Hoffrel Mechanical Sector Scanner (MSS) include: 
m 35° sector, optimal angle commensurate with an acceptable line density. 


m Ability to change scan rate to optimize line density according to heart rate or 
type of examination. 


m Full quality M-Mode recordings may be derived from any angle within the 
central 30° of the sector, operator selectable with a movable cursor. 


m Recordings are made in standard T.V. format for display on conventional 
television systems. 















m= Procedures may be recorded for play back in real-time, slow motion or stop- 
frame modes. 


m Frames are numbered sequentially or EKG timed. 
= Different frequency transducers are easily interchangeable by operator. 


No sacrifice in exceptional M-Mode capabilities: 
m High resolution tracings. 
@ Excellent phono and pulse recording. 


Write or phone today for full clinical and technical details. 


Regional Offices: 
Midwest Western Southeastern Southwest Northeastern 
(Oak Brook, IL) (Ventura, CA) (Tucker, GA) (Houston, TX) (Hartford, CT) 


(312) 879-5309 (805) 647-5424 (404) 934-3802 (713) 465-8934 (203) 866-9205 


H Hoffrel 


Instruments Incorporated 


34 Moody’s Lane, Norwalk, Conn. 06851, 203-866-9205 





ergometer and rower 


Finland's leading physical fitness institutions helped design the Tunturi er- 
gometer and rower. The ergometer offers variable watt load range of 25 to 300 w. 
(150 to 1800 kom/min.) @ 50 rpm. At $340, it is ideal for home cardio pulmonary 
rehabilitation prescription. The new Tunturi rower, at $250, has adjustable oar 
resistance, and is excellent for total body conditioning 


+ 






; Sauna, Inc 

Fitness Equip. Div 
P.O. Box 382! 
Bellevue, WA 9800! 
Call collect: 206-454-246: 


State Zip 











ulatory Blood Pressure Recorder X 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system that relieves the doctor of the time-consum- 
ing traditional auscultatory procedure. 

Now, by miniaturizing circuits and components, we have pro- 
duced a smaller and easier to wear sing/e-unit version. 

This Model M-2000 records blood pressures during the 
wearer's working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method totally eliminates bias, and the pressor effect 
of an observer's presence. 

The Remler system is especially useful in determining the 
efficacy of medication in the treatment of hypertension. 
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Remler M-2000 Ambulatory Blood Pressure Recorder. 
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Please send me complete details on the new | 
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Combipres in hypertension 


Combipres works efficiently, smoothly. 
Brings blood pressure down...keeps it down over the long-term: 


Life therapy ...not life sentence 


91% of patients tolerated it well in clinical trials.’ 

Low incidence of impotence, depression, orthostatic hypotension. 

Its most common side effects are dry mouth, drowsiness, and seda- 
tion. They tend to diminish with continued use, and may be alleviated 
by giving the larger portion of the divided dose at bedtime. 


Combipres 1...2 


Each tablet contains 
Catapres” (clonidine hydrochloride) 
0.1 or 0.2 mg. and chlorthalidone. 15 mg 


There’s a future in it. 


Please see brief summary of the prescribing information on last page of this ad for warnings. 
precautions, and adverse reactions. 


As with other antihypertensives containing diuretic agents, hypokalemia, 
hyperuricemia, and 2rglycemia may occur 

Combipres is not zated for initial therapy of hypertension. See box 
warning on next p 











S 1 and 2 


Each tablet contains: 


“and chlorthalidone, 15 mg 


_ in hypertension 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 
resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 










































_ Indication: The drug is indicated in the treatment 
< of hypertension (see box warning). 
= Contraindications: Patients with known hyper- 
_ sensitivity to chlorthalidone and patients with se- 
E - vere renal or hepatic diseases. 
_ Warnings: Tolerance may develop in some in- 

_ stances necessitating a reevaluation of therapy. 
_ Usage in Pregnancy: In view of embryotoxicity 
~ findings in animals, and since information on pos- 
_ sible adverse effects in pregnant women is limited 
_ to uncontrolled clinical data, the drug is not rec- 


the potential risk to mother and fetus. 

< Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 

_ Precautions: When discontinuing Combipres, re- 


ORE possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
~ ness, agitation, and headache. Patients should be 
~ instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
_ corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
_ lished in these cases. It has been demonstrated 
` that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 

- bipres therapy or by intravenous phentolamine. 
atients who engage in potentially hazardous ac- 
ivities, such as operating machinery or driving, 
should be advised of the sedative effect of the 
~~ Clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol, 
` barbiturates and other sedatives. Like any other 

antihypertensive agent, Combipres should be 
a used with caution in patients with severe coronary 


a elida y, recent my 


~ Catapres® (clonidine hydrochloride) 0.1 or 0.2 mg, 


ocardial infa 
VESNI disease or chronic renal faire. 
As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 
Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 
Combipres, because of the hyperglycemic effect 
of chlorthalidone. 
Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 
Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 
Clonidine hydrochloride: Anorexia. malaise, 
nausea, vomiting, parotid pain. mild transient ab- 
normalities in liver function tests: one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chiorthalidone is combined 
with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances, 
A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 
As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 









occasion attacks of gout 
have been precipitated. In cases where prolonged f 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- A 
cytosis, and necrotizing angiitis have occurred, 

but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 

age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone,15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone,15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 


1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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But if your time is too valuable to spend scanning 
DCG tapes, you have two choices— either send the tapes 
to the nearest hospital set up for scanning, or send them 
to a full-time scanning service. Like Omnimedical. 


Which is better? We think scanning services. Because 
scanning services devote all their time to DCG recordings 
—they'll call you immediately if they detect critical 
abnormalities. They're in business to serve you. 


So, who’s the best among the many scanning services? 
You judge. We at Omnimedical offer 3 programs for 
reel-to-reel or cassette tapes, each with a maximum 
turnaround time of 24 hours. There’s the free recorder 
program, the regular scanning service, and the same-day 
service pick-up program if you’re in our area. All feature 
the mast comnrehensive renort in the business—includina 
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Omnimedical - 
Scanning Service: 
About the only way 
get a better, faster repo 
do it yourself. 
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a computerized, quantitative analysis, a trend analysis of 
heart rate and ST segment level, and real-time recordings 
of abnormalities and symptomatology mounted in 
booklet form. 
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We recommend this, 


Data obtained with the 
SWAN-GANZ® Flow-Directed 
Balloon-Tipped Catheter allows 
you to diagnose and treat the 
critically ill patient with a high 
level of confidence. 

Consequently, in patients 
where large volumes of fluid 
are required or where marginal 


cardiovascular reserve is 


decisions (such as treatment 
with plasma protein, dextrose 
solution, albumin, etc.) can be 
made more aggressively. 
Moreover, SWAN-GANZ 
Catheters can be used to deter- 
mine many patient conditions. 
For example, pulmonary 
hypertension can be sub- 
stantiated hemodynamically, 


and the state of congenital 


heart disease determined. 

Hypovolemic shock can be 
differentiated from cardiogenic 
shock. Myopericardial disease 
can also be confirmed by the 
characteristic pressure 
changes. 

Following acute myocardial 
infarction, the degree of myo- 
cardial depression can be better 


quantitated using the cardiac 





before you prescribe these. 


output and wedge pressure. details on insertion, placement Hospital Supply Corporation, 
The diagnosis of heart and complications, are described 17221 Red Hill Avenue (Irvine), 

failure, particularly left heart fully in journal reprints and tech- P.O. Box 11150, Santa Ana, 

failure, in the y ue : nical data available CA 92711, 714/557-8910, 

presence of adult . > from Edwards. Cable Address: EDSLAB, 

respiratory dis- 2 Ask vour local Telex: 68:5567 

tress syndrome, ; Edwards’ Technical 

can be quantified. e e Representative for mE EDWARDS 
SWAN-GANZ' f [nae 3 copies, or contact: C ] LABORATORIES 

Catheters —a com- 3y , Z = i Edwards Laboratories, | A 

plete description, „7 k ew Division of American 





Initial, prudent management involves 
weight control, rest, cessation of 
smoking, use of sublingual nitrogly- 
cerin, and avoidance of precipitating 
circumstances. Until 1973, for many 
patients in whom these conventional 
measures had failed and for whom 
coronary bypass surgery was not pos- 
sible, life-styles were likely to be lim- 
ited. Many had to give up the work that 
provided much of the meaning in their 
lives. The term ‘‘cardiac cripple’ only 
begins to suggest the toll that such a 
loss can exact. 

Then, in the early part of this de- 
cade, INDERAL was introduced, and 
the prospects for many patients with 
moderate to severe angina signifi- 
cantly improved. 


INDERAL can permit 
many patients with 
angina a more normal, 
more active life 

“The value of beta-adrenergic block- 
ade in angina is established beyond 
question.’! In many trials conducted 
over 12 years of worldwide clinical use, 
INDERAL has been found`in a sub- 
stantial majority of patients to 
decrease the frequency of anginal 
attacks, reduce the need for intermit- 
tent nitroglycerin, and increase exer- 
cise tolerance?! For some, the 
combined effect of these benefits 
means the ability to carry on work that, 
without INDERAL (propranolol hydro- 
chloride), would have been precluded. 
Combined use with nitroglycerin 
During angina prophylaxis, the patient 
may benefit from the ability of 
INDERAL and nitroglycerin to comple- 
ment the actions of each other. All the 
major determinants of myocardial oxy- 
gen demand tend to be reduced by the 
concomitant use of these drugs. 


Candidates for INDERAL 
therapy: selected 
patients with moderate 
to severe angina 

not responsive to 
conventional measures 
INDERAL is indicated for the many 
patients in whom conventional mea- 
sures for the treatment of angina have 
failed to provide a satisfactory 
response, and in whom angina results 
from relatively little effort or frequent 
precipitating factors. INDERAL is con- 
traindicated in patients with congestive 
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failure unless it is secondary to a 
tachyarrhythmia treatable with 
INDERAL. It is also contraindicated in 
patients with heart block of greater 
than first degree, and in those with 


bronchial asthma. Please refer to the ` 


Brief Summary of Prescribing Informa- 
tion on the last page of this advertise- 
ment for additional contraindications. 

While the net physiologic effect pro- 
duced by INDERAL is usually positive 
in patients selected according to the 
criteria above, it may not be so in some 
patients. Treatment should therefore 
be carefully monitored. If the overall 
result of INDERAL therapy is advan- 
tageous, the benefit should manifest 
itself by delayed onset of pain during 
exercise. INDERAL should not be con- 
tinued unless there is reduced pain or 
‚increased work capacity. 


Effective INDERAL 
prophylaxis: a question 
of individualized dosage 
titration 


Start with 10-20 mg three or four times 
daily, before meals and at bedtime. 
Increase dosage gradually until opti- 
mal response is obtained, assessing 


Often increases work capacity in selected patients 
with angina pectoris 
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results every three to seven days dur- 
ing titration. While individual response 
may vary, the average dosage appears 
to be 160 mg per day. Occasionally, 
dosages as high as 320 mg may be 
needed for fully effective manage- 
ment. In angina pectoris, the value and 
safety of dosages above this level have 
not been established. 

Several investigators have shown 
that promising antianginal effects 
achieved with moderate dosages of 
INDERAL were substantially bettered 
when dosages were increased?4.4 
Alderman, et al., for example, found in 
a study of 17 subjects that the numbers 
of patients experiencing a marked 
reduction in the frequency of anginal 
attacks more than doubled as the daily 
INDERAL dosage was raised from 80 


_ mg to 160 mg and finally to 320 mg 


Percent of patients with 25% 
or greater reduction in number of 
anginal attacks with upward titration of 
INDERAL dosage relative to placebo.* 
100 


Percent of patients 
3 





80 160 320 

Daily INDERAL Dosage (mg) 
* Adapted from Alderman, et al“: A double-blind, crossover 
Study of 17 patients on INDERAL vs placebo 


Decreased heart rate is . 
part of the normal action 
of INDERAL' 


In angina pectoris, a slowing of the 
heart rate is an integral part of the 
mode of action of INDERAL, i.e., a 
reduction in the overall oxygen 
requirements of the heart. While 
INDERAL dosage should be reduced 
or discontinued if symptomatic brady- 


cardia occurs, “In general, patients a 
tolerate heart rates as low as 50 bea ts 
per minute well’! ie 
Untoward cardiac 
effects are relatively | 
infrequent''**° veal 
Congestive failure: EEEE witha 
beta-blockade carries the potential 
of depressing myocardial contracti 
and precipitating cardiac failure in ~ 
patients with, or in rare tnstances, ~ 
without a history of such failure. — Ss 
At the first sign or symptom of ~ 
impending cardiac failure, the patient 
should be fully digitalized and/or given ` 
a diuretic, and the response closely 
observed. If cardiac failure continues, 
INDERAL should be immediately with- 
drawn, keeping in mind the need to 3 
avoid abrupt discontinuation unless it i 
required by overriding clinical consid- ~ 
erations. If the congestive failure is” 
caused by a tachyarrhythmia that isa 
being controlled with INDERAL, the ~ 
agent may be continued with extreme 
caution if digitalis, a diuretic agent, and ~ 
dietary sodium restriction are used 
concomitantly. X 


Avoid abrupt withdrawal 

There have been reports of exacerba- 
tion of angina and, in some cases, 
myocardial infarction following abrupt ~ 
discontinuance of INDERAL. All — 
patients should be cautioned against ` 
interruption or cessation of therapy 
without the physician's advice. If dis- 7 
continuance is indicated, the daily dos- 
age of INDERAL should be diminished ` 
gradually over a period of several — 
weeks until withdrawal is complete. ~ 





























Please see last page 
of advertisement for 
prescribing information. 








C BRIEFSUMMARY > D EA 
(For full prescribing information, see package circular.) 


IA R A ® 
INDE! RAL ora 3 
-A beta-adrenergic blocking agent 

[BEFORE USING INDERAL (PROPRANOLOL 
HYDROCHLORIDE), THE PHYSICIAN SHOULD BE 
THOROUGHLY FAMILIAR WITH THE BASIC CON- 
CEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS 


















~ ACTIONS 

-Beta receptor blockade is useful in conditions in which, 
= because of pathologic or functional changes, sympathetic 
activity is excessive or inappropriate and detrimental to the 
= patient. But there are also situations in which sympathetic 
/ stimulation is vital. For example, in patients with severely 
~ — damaged hearts, adequate ventricular function is main- 
= tained by virtue of sympathetic drive which should be 
= preserved. In the presence of AV block, beta blockade may 
prevent the necessary facilitating effect of sympathetic 
i activity on conduction. Beta blockade results in bronchial 
constriction by interfering with adrenergic bronchodilator 
-activity which should be preserved in patients subject to 

bronchospasm. 
KE The proper objective of beta blockade therapy is to 
y decrease adverse sympathetic stimulation but not to the 
" coge that may impair necessary sympathetic support. 
s į ropranolol may reduce the oxygen requirement of the 
& heart at any given level of effort by blocking catechol- 
-. amine-induced increases in heart rate, systolic blood 
pressure, and the velocity and extent of myocardial con- 
= traction. On the other hand, propranolol may increase 
oxygen requirements by increasing left ventricular fiber 
length, end diastolic pressure, and systolic ejection period. 
< Ifthe net physiologic effect of beta-adrenergic blockade 
in angina is advantageous, it would be expected to mani- 
fest itself during exercise by delayed onset of pain due to 

decreased oxygen requirement. 


INDICATION 

Angina Pectoris Due to Cor Atherosclerosis 

> The initial treatment of angina pectoris involves weight 
3 control, rest, cessation of smoking, use of sublingual 

nitroglycerin, and avoidance of precipitating circum- 

stances. INDERAL is indicated in selected patients with 

moderate to severe angina pectoris who have not 
-responded to these conventional measures. Propranolol 

y should not be used in patients with angina which occurs 

. Pays with considerable effort or with infrequent precipitat- 
i ctors. 

~_INDERAL exerts both favorable and unfavorable effects, 
wale of which may be beneficial. (See 

TIONS Section.) INDERAL should not be continued 








tes 
as 















the 
a ~ KC 
& unless there is reduced pain or increased work Capacity. 


Because of the potential for adverse results, treatment 
should be carefully monitored. The patient should also be 
reevaluated periodically since the dosage requirement and 







= exacerbations or remissions. (See DOSAGE AND ADMIN- 
~ ISTRATION.) 

= Additional studies of the effects of INDERAL in angina 
= pectoris patients are in progress to better evaluate and 
define the proper role of INDERAL in this condition. 


_CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) 
allergic rhinitis during the pollen season; 3) sinus brady- 
cardia and greater than first degree block; 4) cardiogenic 
shock; 5) right ventricular failure secondary to pulmonary 
hypertension; 6) congestive heart failure (see WARNINGS) 
to a tachyarrhythmia treat- 








E 
-unless the failure is secondary 
= able with INDERAL; 7) in patients on adrenergic-augment- 






-ing psychotropic drugs (including MAO inhibitors), and 
during the two week withdrawal period from such drugs. 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive 
heart failure, and inhibition with beta-blockade always 
=~ carries the potential hazard of further depressing myocar- 
- — dial contractility and precipitating cardiac failure. INDERAL 
acts selectively without abolishing the inotropic action of 
digitalis on the heart muscle (i.e., that of supporting the 
strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis 
may be reduced by INDERAL's negative inotropic effect. 
~ The effects of INDERAL and digitalis are additive in 
depressing AV conduction. 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC 
_ FAILURE, continued depression of the myocardium over a 
period of time can, in some cases, lead to cardiac failure. In 
___ fare instances, this has been observed during INDERAL 
therapy. Therefore, at the first sign or symptom of impend- 
ing cardiac failure, patients should be fully digitalized and / 
= Or given adiuretic, and the response observed closely: a) if 
< cardiac failure continues, despite adequate digitalization 
and diuretic therapy, INDERAL therapy should be immedi- 
ately withdrawn; b) if tachyarrhythmia is being controlled, 
patients should be maintained on combined therapy and 
the patient closely followed until threat of cardiac failure 
IS Over. i 
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-the need to continue INDERAL may be altered by clinical’ 


neuropsychometrics. 


IN PATIENTS WITH ANGINA PECTORIS, there have — 
been reports of exacerbation of angina and, insome 
cases, myocardial infarction, following abrupt dis- 
continuation of INDERAL therapy. Therefore, when 
discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient care- 
fully monitored. In addition, when INDERAL is pre- 
scribed for ina pectoris, the patient should be 
cautioned against interruption or cessation of ther- 
apy without the physician's advice. If INDERAL 
therapy is interrupted and exacerbation of angina 
occurs, it usually is advisable to reinstitute INDE 
therapy and take other measures appropriate for the 
Management of unstable angina pectoris. Since 
coronary artery disease may be unrecognized, it 
may be prudent to follow the above advice in 
patients considered at risk of having occult athero- 
sclerotic heart disease, who are given propranolol 
for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, possible dele- 
terious effects from long term use have not been ade- 
quately appraised. Special consideration should be given 
to pr 's potential for aggravating congestive heart 
failure. Propranolol may mask the clinical signs of develop- 
ing of continuing hyperthyroidism or complications and 
give a false impression of improvement. Therefore, abrupt 


_ withdrawal of propranolol may be followed by an exacer- 


bation of symptoms of hyperthyroidism, including thyroid 
storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYN- 
DROME, several cases have been reported in which, after 
propranolol, the tachycardia was replaced by a severe 
bradycardia requiring a demand pacemaker. In one case 
this resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that 
require catecholamine release for maintenance of ade- 
quate cardiac function, beta-blockade will impair the 
desired inotropic effect. Therefore, INDERAL should be 
titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta 
blockade impairs the ability of the heart to respond to reflex 
stimuli. For this reason, with the exception of pheochromo- 
cytoma, INDERAL should be withdrawn 48 hours prior to 
surgery, at which time all chemical and physiologic effects 
are gone according to available evidence. However, in 
case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e.g., isopro- 
terenol or levarterenol. However, such patients may be 
subject to protracted severe hypotension. Difficulty in 
restarting and maintaining the heart beat has also been 
reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHO- 
SPASM (e.g., CHRONIC BRONCHITIS, EMPHYSEMA), 
INDERAL should be administered with caution since it may 
block bronchodilation produced by endogenous and 
exi ous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLY- 
CEMIA: Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory 
signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia. This is especially important to keep in 
mind in patients with labile diabetes. Hypoglycemic attacks 
may be accompanied by a precipitous elevation of blood 


pressure. 

USE IN PREGNANCY: The safe use of INDERAL in 
human pregnancy has not been established. Use of any 
drug in pregnancy or women of childbearing potential 
requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 
Embryotoxic effects have been seen in animal studies at 
Ler about 10 times the maximum recommended human 


PRECAUTIONS ; 

Patients receiving catecholamine depleting drugs such as 
reserpine should be closely observed if INDERAL is 
administered. The added catecholamine blocking action of 
this drug may then produce an excessive reduction of the 
resting sympathetic nervous activity. Occasionally, the 
pharmacologic activity of INDERAL may produce hypo- 
tension and/or marked bradycardia resulting in vertigo, 
syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, 
laboratory parameters should be observed at regular 
intervals. The drug should be used with caution in patients 
with impaired renal or hepatic function. 


ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; 
intensification of AV block; hypotension; paresthesia of 
hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura 

Central Nervous System: lightheadedness, mental 
depression manifested by insomnia, lassitude, weakness, 
fatigue; reversible mental depression progressing to cata- 
tonia; visual disturbances; hallucinations; an acute revers- 
ible syndrome characterized by disorientation for time and 
place, short term memory loss, emotional lability, slightly 
clouded sensorium, and decreased performance on 
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Gastrointestinal: nausea, vomiting, epigastric distress, 
abdominal cramping, diarrhea, constipation 
Allergic: pharyngitis and agranulocytosis, erythematous 
* rash, fever combined with aching and sore throat, laryn- 
gospasm and respiratory distress. $ 
Respiratory: bronchospasm 
Hematologic: agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic purpura 
Miscellaneous: reversible alopecia. Oculomucocuta- 
neous reactions involving the skin, serous membranes and 
conjunctivae reported for a beta blocker (practolol) have 
not been conclusively associated with propranolol. 
Clinical Laboratory Test Findings: Elevated blood urea 
levels in patients with severe heart disease, elevated serum 
transaminase, alkaline phosphatase, lactate dehydro- 
genase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each 
indication. : 


RAL 

ANGINA PECTORIS—Dosage must be individualized. 

Starting with 10-20 mg three or four times daily, before 
meals and at bedtime, dosage should be gradually 
increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may 
respond at any dosage level, the average optimum dosage 
appears to be 160 mg per day. In angina pectoris, the value 
and safety of dosage exceeding 320 mg per day have not 
been established. 

If treatment is to be discontinued, reduce dosage gradu- 
ally over a period of several weeks. (See WARNINGS. ) 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age 
group are too limited to permit adequate directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED 
RESPONSE, THE FOLLOWING MEASURES SHOULD BE 
EMPLOYED: 

BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 
mg): IF THERE IS NO RESPONSE TO VAGAL BLOCKADE, 
ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE—DIGITALIZATION AND DIURET- 


ICS 
HYPOTENSION—VASOPRESSORS, e.g., LEVAR- 
TERENOL OR EPINEPHRINE (THERE IS EVIDENCE THAT 
EPINEPHRINE IS THE DRUG OF CHOICE.) 
BRONCHOSPASM—ADMINISTER ISOPROTERENOL 
AND AMINOPHYLLINE. 


HOW SUPPLIED 

INDERAL (propranolol hydrochloride) 
TABLETS 
No. 461—Each scored tablet contains 10 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. Also in unit dose 
package of 100. 
No. 464—Each scored tablet contains 40 of propran- 
olol hydrochloride, in bottles of 100 and 1,000. Also in unit 
dose package of 100. 
No. 468—Each scored tablet contains 80 mg of propran- 
olol hydrochloride, in bottles of 100 and 1,000. Also in unit 
dose package of 100. 


INJECTABLE 

No. 3265—Each mi contains 1 mg of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric 
acid. Supplied as: 1 ml ampuls in boxes of 10. 
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Littmann ECG Mounts 


The professional complement 
to your ECG procedures 


Efficient. Accurate. Durable. Words that 
describe your requirements for diag- 
nostic equipment. And just as you de- 
mand the finest stethoscope and other 
instruments as adjuncts to your diag- 
nosis— LITTMANN ECG Mounts can 
also complement your present method 
of mounting, reading, storing and copy- 
ing ECG records. How? Take a look: 
e Professional, one page format 
e 3M adhesive superiority: ‘forgives’ if 
initial placement needs to be changed 
yet holds permanently once in place 


e Compact; reduces storage/retrieval 
requirements 


e Available in 12, 15, 18 lead standard 
styles or customized to suit your in- 
dividual needs 


For LITTMANN ECG Mounts informa- 
tion or samples, pass this message 
along to your ordering nurse or your 
hospital's Evaluation Committee. Ask 
them to contact 3M Medical Products 
Division, Diagnostic Products, 3M Cen- 
ter, 223-38, St. Paul, Minnesota 55101. 


©Minnesota Mining and Manufacturing Company 1977. 





LITTMANN ECG Mounters & 
Trimmers: systems for high 
volume and moderate use. 
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LITTMANN ECG Mounter 
will cut 12 leads simultaneously— 
reducing the entire mounting 
process to a minute. Result? 


Permanent, professional-looking 
ECG records. 


LITTMANN ECG TRIMMER 
cuts individual lead segments in 
3 sizes. Easy to use, ideal for 
doctors’ offices and a convenient 
companion to the ECG mounter. 
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Automation 
solved 
of their problems. 
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Let it 


solive one 
of yours. 


Automatic Gain Compensation 
Automatic Gain Compensation (AGC) circuitry 
has been designed to automatically analyze and 
determine the optimum display of each returning 
echo, so that heart structures are clearly 
delineated. As moving structures change depth 
and angle, the real-time flexibility of AGC 
permits the display to remain true and accurate 
throughout the examination. The result: more 
clinical information and an extremely high 
percentage of interpretable exams. 


Price Breakthrough 

Incorporating new 1977 state of the art technology, the 
ECHOMATIC is extremely lightweight (approx. 50 Ibs.) 
and is priced about 30% less than its next higher-priced 
competitor. Standard phono, carotid and ECG channels 
are included at this same price. 


Service Support 

A nationwide network of service offices is maintained to 
permit us to regularly meet our goal of on-site repair 
within 48 hours of your call. With over 30 service offices, 
our factory support staff, and the reliability we have built in, 
you can expect minimum downtime with the ECHOMATIC. 
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Training Program. 


The interaction of AGC and echo information 


Basic Training Program 

To assist in the establishment of your echocardiography 
service, the Metrix Teknika Echocardiography Basic 
Training Program has been prepared. This program 
includes 35mm slides, tape cassette and extensive 
textbook material. 


O Please send the full story about the ECHOMATIC Metrix Teknika 
and Automatic Gain Compensation (AGC). 876 Ventura St. 
Aurora, CO 
O Please send more information about the Basic 80011 


or call collect: 
(303) 343-8330 








Name 
Address 
City State Zip 
Phone 
METRIX TERNIKA 


Affiliated with Akzo Pharma, b.v. 
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In continuous 
rheumatic fever 
prophylaxis, 
would you rather 
trust your patient? 






Or yourself? 


Injection penicillin G benzathine is recommended 
as the method of choice* to prevent streptococcal 
infection and possible recurrence of rheumatic 
fever. One reason is that just one injection of 
1,200,000 units, once a month, usually offers 
effective and continuous prophylaxis. So there’s 
no need to worry that your patient will forget to 
take a tablet every day. 


Mild to moderate group A streptococcal pharyn- 
gitis (without bacteremia) therapy is in your 
hands, too. Because a single injection (600,000 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 
Indications: In treatment of infections due to penicillin G-sensitive micro- 
Organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Therapy should be guided by bacteriological studies (including 
sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM penicillin 
G benzathine. 
Streptococcal infections (Group A—without bacteremia). Mild to moderate upper 
respiratory infections (e.g., pharyngitis). 
Venereal infections —Syphilis, yaws, bejel, and pinta. 

Medical conditions in which penicillin G benzathine therapy is indicated as 
prophylaxis: 
Rheumatic fever and/or chorea — Prophylaxis with penicillin G benzathine has proven 
effective in preventing recurrence of these conditions. It has also been used as 
followup prophylactic therapy for rheumatic heart disease and acute glomeru- 
lonephritis. 
Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) reactions 
have been reported. Anaphylaxis is more frequent following parenteral therapy but 
has occurred with oral penicillins. These reactions are more apt to occur in 
individuals with history of sensitivity to multiple allergens. Severe hypersensitivity 
reactions with cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully inquire into pre- 
vious hypersensitivity to penicillins, cephalosporins and other allergens. If allergic 
reaction occurs, discontinue drug and treat with usual agents, e.g., pressor 
amines, antihistamines and corticosteroids. 
Precautions: Use cautiously in individuals with histories of significant allergies 
and/or asthma. 


INJ ECTION vane 
Bicillin L-A 


sterile penicillin G 


benzathine suspension 


PTS Th IS FEE 


to 900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concentrations 
for the ten days deemed necessary to eradicate 
the streptococci and preclude the initial onset 
of rheumatic fever.t 

You, more than anyone else, know the impor- 
tance of effective and continued rheumatic fever 
prophylaxis. So is there any question of whom 
you'd rather trust? 


*Rheumatic Fever Committee of the Council on Rheumatic Fever 
and Congenital Heart Disease of the American Heart Association. 


Carefully avoid intravenous or intraarterial use, or injection into or near major 
peripheral nerves or blood vessels, since such injection may produce neurovascular 
damage. 

tin streptococcal infections, therapy must be sufficient to eliminate the organism, 
otherwise the sequelae of streptococcal disease may occur. Take cultures following 
completion of treatment to determine whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
Organisms including fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions (maculo- 
papular to exfoliative dermatitis), urticaria and other serum sickness-like reactions, 
laryngeal edema and anaphylaxis. Fever and eosinophilia may frequently be only 
reaction observed. Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy 
and nephropathy are infrequent and usually associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been reported. 
Composition: (units penicillin G benzathine as active ingredient in aqueous sus- 
pension): 300,000 units per ml.—10-ml. multi-dose vial. Each ml. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. povidone, 1 mg. carboxy- 
methylcellulose, 0.5 mg. sorbitan monopalmitate, 0.5 mg. polyoxyethylene 
sorbitan monopalmitate, 1.2 mg. methylparaben and 0.14 mg. propylparaben. 

oe units in 1-ml. TUBEX® (sterile cartridge-needle unit) Wyeth, packages 
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In 12 of 46 consecutive patients with paroxysmal supraventricular — 


tachycardia or atrial flutter-fibrillation, without electrocardiographic ev- 
idence of ventricular preexcitation, electrophysiologic studies suggested 
the presence of accessory atrioventricular (A-V) pathways capable only 
of retrograde conduction (concealed Wolff-Parkinson-White syndrome). 


The ages of these patients ranged from 29 days to 71 years (mean 39.2 _ 


x 


Dira stares, 


Sine raat t Bs 


years). Most patients were clinically symptomatic with palpitations, 


dizziness, weakness or congestive heart failure. One patient had “cardiac 
dysrhythmia” described by an obstetrician during intrauterine life. Eleven 
patients manifested A-V reciprocating tachycardia involving the normal 


pathway for anterograde conduction and the accessory pathway for ret- — 


rograde conduction. The remaining patient manifested recurrent parox- 
ysms of atrial flutter-fibrillation as a result of rapid ventriculoatrial acti- 
vation through the accessory pathway during the atrial vulnerable 
phase. 

The electrophysiologic observations were analyzed with regard to 


clinical and electrocardiographic characteristics in these patients. The 


presence of concealed accessory pathways should be suspected in pa- 


tients presenting with (1) an “incessant” form of tachycardia, (2) spon- 
taneous onset of A-V reciprocal rhythms or reciprocating tachycardias 


after acceleration of the sinus rate without antecedent atrial extrasystoles 
or P-R interval prolongation, (3) slowing of the tachycardia rate conse- 


quent to the development of functional bundle branch block, (4) retrograde 
P waves (negative in leads Il, Ill and aVF) discernible after the QRS — 


complexes, with the R-P interval being shorter than the P-R interval during 


both A-V reciprocal rhythm and reciprocating tachycardia, and (5) oc- — 


currence of atrial flutter-fibrillation in association with A-V reciprocal 
rhythms. 

It is suggested that medical treatment in patients having concealed 
accessory pathways should be aimed at increasing the refractoriness of 


either the A-V node or the accessory pathway for reciprocating tachy- — 
cardia, while increasing the refractoriness of the atrium and the accessory — 
pathway in cases with atrial flutter-fibrillation. Pacemaker therapy and — 
surgical intervention may be indicated in selected patients refractory to | 


antiarrhythmic agents. 
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_ The classic features of ventricular preexcitation asso- 
= ciated with the Wolff-Parkinson-White syndrome are 
absent in patients in whom an accessory atrioventricular 
= (A-V) pathway is capable only of retrograde conduction. 

= Electrocardiographically, this has been referred to as 
concealed Wolff-Parkinson-White syndrome.!~’ Pa- 
= tients with such a syndrome may present clinically with 
= intractable episodes of reciprocating tachycardia re- 
~ quiring extensive medical therapy, pacemaker therapy 
or surgical intervention, alone or in combination.®-!2 
_ This paper characterizes our clinical and electrophysi- 
_ ologic experience in 12 such patients having a wide age 
_ distribution. 


a 
i 





; Materials and Methods 
Between July 1974 and January 1977, 46 patients without 
 electrocardiographic evidence of ventricular preexcitation 
~ were referred to our electrophysiologic laboratory for evalu- 
ation of recurrent episodes of supraventricular tachycardia 
= or atrial flutter-fibrillation. Twelve of these patients were 
_ determined to have concealed Wolff-Parkinson-White syn- 
= drom?” and constituted the study population (Table I). Two 
_ patients (Cases 1 and 2) have been reported on else- 
 where.910 
= Electrophysiologic studies: After the patients gave in- 
_ formed consent, all medications were discontinued for 48 to 
_ 72 hours before the study. All but the three pediatric patients 
= (Cases 2, 4 and 5) were studied in a nonsedated postabsorptive 
~ state and three electrode catheters were used during the study. 


ey 


oe With use of a conventional technique,!3 the His bundle elec- 










from which low septal right atrial activity was also recorded. 
The high right atrial electrogram was recorded through the 
proximal pair of electrodes of a hexapolar electrode catheter, 
and the left atrial electrogram was recorded with a quadripolar 
electrode catheter placed in the coronary sinus or in the left 
atrium through a patent foramen ovale. (The coronary sinus 
or left atrial electrode catheter was later pulled back to map 
the low lateral, anterior and posterior right atrial activity.) In 
the three pediatric patients (Cases 2, 4 and 5), meperidine and 
phenergan were given for sedation, and only two electrode 
catheters were used—one tripolar electrode catheter for re- 
cording His bundle electrograms and one tetrapolar electrode 
catheter manipulated between both atria through an intra- 
atrial communication (patent foramen ovale) for recording 
and pacing the atria.!° The intracardiac electrograms were 
then displayed simultaneously with standard electrotvardio- 
graphic leads I, II and V; on a multichannel oscilloscopic 
photographic recorder (Electronics for Medicine, DR-16) and 
recorded at a paper speed of 100 or 150 mm/sec, using a filter 
setting between 40 and 500 hertz. 

Through the remaining pairs of electrodes of the hexapolar 
and quadripolar electrode catheters, both the atria and the 
right ventricular apical endocardium were stimulated by 
means of a programmed digital stimulator that delivered 
stimuli of 2.0 msec duration at approximately twice diastolic 
threshold. Incremental atrial pacing and programmed atrial 
stimulation!* were performed in all 12 patients, and pro- 
grammed ventricular stimulation! in 9 (Cases 1, 3 and 6 to 
12). Additionally, to observe the incidence of spontaneous 
conversion of atrial flutter-fibrillation to reciprocating 
tachycardia,®!° the right or left atrium was rapidly stimulated 
(cycle length 150 to 200 msec) for approximately 1 minute in 
an attempt to elicit a paroxysm of atrial flutter-fibrillation!?-18 












= * 29 day old infant. 1° 


supraventricular tachycardia. 
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3 _ TABLE | 
h 
_ Clinical and Electrophysiologic Data in 12 Cases 
Associ- 
ated 
Cardiac 
Case Age (yr) ECG Abnor- AP 
no. and Sex Historical Summary Manifestations malities Site Treatment 
1 37M Profound weakness; palpitations SVT (150/min) CLBBB L Controlled with fixed rate RV 
since childhood reciprocal rhythm pacemaker 
2 <1M* Congestive heart failure; cardiac SVT (240/min), None R Improved with digoxin, 0.2, and 
arrhythmia during intrauterine life reciprocal rhythm propranolol, 60 mg/day 
3 28F Dizziness and weakness; SVT (210/min) MV L Controlled with digoxin, 0.25, and 
palpitations for 7 years prolapse propranolol, 240 mg/day 
4 3F Asymptomatic; tachycardia from SVT (240/min) None L Improved with digoxin, 0.5, and 
age 5 weeks propranolol, 80 mg/day 
5 11F Palpitations for 5 years SVT (230/min), None L Controlled with digoxin, 0.25, and 
reciprocal rhythm propranolol, 160 mg/day H 
6 45M Chest pain; palpitations since SVT (200/min) CAD L Controlled with digoxin, 0.25, and 
childhood propranolol, 240 mg/day 
7 71F Congestive heart failure; SVT (160/min), CLBBB L Controlled with fixed rate RV 
palpitations for 40 years reciprocal rhythm pacemaker and digoxin, 0.25 mg/day 
8 57M Chest pain; palpitations for 15 SVT (140/min) CAD; L Controlled with fixed rate RV 
years CLBBB pacemaker and propranolol, 120 
mg/day 
9 62F Dizziness; palpitations for 12 AF, reciprocal None S Controlled with quinidine, 2 g/day. 
years rhythm 
10 56M Dizziness and chest pain; SVT (190/min) CAD L Controlled with digoxin, 0.25, and 
palpitations for 30 years propranolol, 160 mg/day 
11 64M Dizziness and weakness; SVT (140/min) CLBBB L Controlled with a fixed rate RV 
palpitations for 20 years pacemaker and propranolol, 80 mg/ 
day 
12 38M Palpitations for 15 years SVT (200/min) None L Controlled with digoxin, 0.25, and 


propranolol, 320 mg/day 


A AF = atrial flutter-fibrillation; AP = accessory pathway; CAD = coronary artery disease; CLBBB = complete left bundle branch block; ECG 
= electrocardiogram; L = left-sided; MV prolapse = mitral valve prolapse syndrome; R = right-sided; RV = right ventricle; S 


= septal; SVT = 


4 











if such a paroxysm did not occur spontaneously or during 


programmed atrial stimulation. 

The diagnostic criteria for the presence of. an accessory 
A-V pathway capable only of retrograde conduction in these 
patients were based on the following observations: (1) Ven- 
tricular preexcitation was not evident during sinus rhythm, 
and episodes of tachyarrhythmias were revealed in previously 
and currently available electrocardiograms; (2) neither right 
nor left atrial pacing produced a ventricular preexcitation 
pattern; (3) the sequence of retrograde atrial activation either 
during reciprocating tachycardia or during ventriculoatrial 
conduction induced by programmed ventricular stimulation 


or both, indicated either right or left atrial preexcita- . 


tion® 10.19.20, and (4) there was a constant ventriculoatrial 
conduction time, without refractory-dependent delay, as 
demonstrated during programmed ventricular stimulation 


characteristic of retrograde conduction over an accessory 
pathway.3:4-15,20,21 


Results 


Clinical profiles: Of the 12 patients, 7 were k and 
5 female. At the time of electrophysiologic evaluation, 
their ages ranged from 29 days to 71 years (mean 39.2 
‘years). Most patients presented with a long-standing 
history of recurrent episodes of tachyarrhythmia (av- 
erage known duration 17.2 years)—11 with supraven- 
tricular tachycardia and 1 (Case 9) with atrial flutter- 


FIGURE 2. Case 4. A, spontaneous 
Initiation of reciprocating tachy- ` 
cardla after shortening of the sinus 

cycle length (CL) from 600 to 550 

msec in a 3 year old girl. The P-R, ’ 

A-H and H-V intervals (130, 60 and A 
35 msec, respectively) remain un- 
changed before the onset (arrow) of 
the tachycardia. The broken line 
demarcates the earllest onset of the 
QRS complex (ventricular depo- 
larization); the ventriculoatrial 
conduction time Is measured from 
the onset of ventricular depolar- 
ization to the beginning of the atrial 
electrogram (A). During the recip- 
rocating tachycardla, It Is 120 msec 
In the high right atrium (HRA) and AH A‘H 
100 msec In the low septal right - 

atrium In the His bundle electro- 
graphic lead (HBE). B and C, during 
the reciprocating tachycardia, the ` 
ventriculoatrlal conduction time is 

80 msec in the left atrium (LA) and ~ B 
150 msec In the low lateral right 

atrium (LLRA) at the junction of the | 
right atrium and the inferior vena 
cava. Therefore, the sequence of 
retrograde atrial activation during 
the tachycardla is the left atrium 
before the low septal right atrium (In 
His bundle electrographic lead), 
followed by the high right atium and 
the low lateral right atrium. This 
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FIGURE 1. Case 1. "Incessant" tachycardia In a 37 year old man.® A, 
during tachycardia (cycle length 400 msec), complete left bundle branch 
block Is present, and the retrograde P wave (P7) is upright in lead aVR; 
carotid sinus massage temporarily interrupts the tachycardia. B, 
spontaneous Initiation of the tachycardia after shortening of the sinus 
cycle length from 1,040 to 1,010 msec. C, the tachycardia Is finally 
controlled by temporary transvenous right ventricular apical pacing at 
a cycle length of 540 msec. The first pacemaker captured beat that has 
a ventricular coupling interval of 330 msec terminates the tachycar- 
dia. 
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sequence suggests the presence of 


a left-sided accessory pathway . 


conducting In a retrograde direction. 
H = His bundie potential. 
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FIGURE 3. Case 7. Sinus rhythm (SR), A-V reciprocal rhythm (RR) and reclprocating tachycardia (RT) In a 71 year old woman. Compie left bundle 
branch block is present during all three rhythms. Retrograde P waves (negative In leads II, III and aVF) during both reciprocal rhythm and reclprocating 
tachycardia have an Kentlcal ‘configuration with the R-P Interval shorter than the P-R Interval. (R-P = 0.13 second versus P-R = 0.16 second during 


reciprocal rhythm; R-P = 0.13 second versus P-R 


fibrillation (Table I). Recent exacerbation of frequency 
of attacks and symptoms was a common complaint. 
“Cardiac dysrhythmia” was described by an obstetrician 
during intrauterine life in one patient (Case 2),!° and 
supraventricular tachycardia was documented in the 
electrocardiogram at birth!° and at age 5 weeks, re- 
spectively, in two patients (Cases 2 and 4). Symptoms 
related to the tachyarrhythmias included palpitations, 
dizziness, chest pain, profound weakness and those of 
congestive heart failure. Three of the 12 patients had 


= 0.22 second during reciprocating tachycardia). 


associated atherosclerotic coronary artery disease 
(Cases 6, 8 and 10), 1 had the mitral valve prolapse 
syndrome (Case 3) and 4 had left bundle branch block, 
presumably due to chronic conduction system disease 
(Cases 1, 7, 8 and 11). 

Electrocardiographic manifestations: On ad- 
mission, an “incessant” form of tachycardia??? (Fig. 
1 and 2) was a common feature of presentation in these 
patients, particularly two pediatric patients (Cases 2 
and 4) and four adult patients (Cases 1,7, 8 and 11) with 
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FIGURE 4. Case 7, same patlent. Effect 
of cycle length on the initiation of A-V 
reciprocal beats. A, at an atrial (left 
atrlum [LA]) driving cycle length (S-S) 
of 680 msec, there is 1:1 capture of the 
atrium. No A-V reciprocal rhythm or 


~réciprocating tachycardia is elicited. B, 


spontaneous onset (arrows) of A-V 
reciprocal beats (the second, fourth and 
sixth QRS complexes) after shortening 
of the atrial driving cycle length (S-S) 
from 680 to 530 msec. Perpetuation of 
these reciprocal beats is prevented by 
the second, fourth and sixth atrial 
pacing stimuli with atrial captures. No 
atrial premature stimulus is delivered 
and the P-R, A-H and H-V intervals (140, 
80 and 55 msec, respectively) remain 
constant before the onset of each A-V 
reciprocal beat (arrow). Abbreviations 
as in Figure 2. 











FIGURE 5. Case 6. Effect of the develop- 
ment of functional ipsilateral bundle branch 
block on the initiation of reciprocating 
tachycardia. At an atrial (left atrium) driving 
cycle length (S,-S;) of 660 msec, an atrial 
premature beat (S3) with a coupling Interval 
of 310 msec elicits an onset of recipro- 
cating tachycardia (RT). The A-H Interval 
is lengthened from 60 to 100 msec after 660 
the atrial premature beat. However, the 
corresponding A-V Interval in the left atrial 
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(LA) lead is prolonged from 170 to 240 l aE EAE, NN I a. 


in the A-V Interval is apparently due to the Il HONE a Ee 


msec. The additional Increment of 30 msec 


development of functional left bundle 
branch block, which Increases the aaRS Í 
duration from 90 to 120 msec (the H-V In- 

terval of 45 msec Is unchanged). The cycle Vi : 
length of the tachycardla is 320 msec with HRA -H 
and 290 msec without the complete left g 
bundle branch block pattern. The sequence Ho 
of retrograde atrial activation during the HBE Nel} 
tachycardia is first the left atrium, then the 60: 
low septal right atrium (in His bundle LA 
electrographic lead [HBE]) and the. high 

right atrium (HRA). This sequence Is com- 
patible with the presence of a left-sided 
accessory pathway. 


K1704 
AV 


associated complete left bundle branch block (Table I). 
The mode of initiation of the tachycardia was frequently 
related to a gradual increase in the sinus rate rather than 
an atrial extrasystole or a prolongation of the P-R in- 
terval. 

The frequent episodes of tachycardia were docu- 
mented to be a form of A-V reciprocation using the A-V 
node-His Purkinje system for anterograde conduction 
and the accessory pathway for retrograde conduction 
in 11 patients (Cases 1 to 8 and 10 to 12). The rates 
ranged from 140 to 240 beats/min. As expected, the 
three pediatric patients tended to have higher rates, and 
the eight patients with associated left bundle branch 
block had lower rates. The remaining patient (Case 9) 
who manifested recurrent episodes of atrial flutter- 


fibrillation had an average ventricular response of 140- 


beats/min. 
A-V reciprocal rhythm,?*?5 characterized by the 
presence of a P-QRS-P’ complex, with the P’ wave being 


negative in leads II, III and aVF (Fig. 3, middle panel), 


was intermittently noted during sinus rhythm in five 
patients (Cases 1, 2, 5, 7 and 9). The configuration of the 
P’ wave during A-V reciprocal rhythm was the same as 
that of the retrograde P wave during reciprocating 
tachycardia. The R-P’ or R-P interval was shorter than 
the P-R interval during A-V reciprocal rhythm and re- 
ciprocating tachycardia, suggestive of rapid ventricu- 
loatrial conduction through an accessory pathway. 


Electrophysiologic characteristics: The pattern ` 


and sequence of retrograde atrial activation during 
paroxysms either of reciprocating tachycardia or in- 
duced by programmed ventricular stimulation, or both, 
suggested the presence of a left-sided accessory pathway 
in 10 patients (Cases 1, 3 to 8 and 10 to 12), right-sided 
in 1 (Case 2) and septal in 1 (Case 9) (Table I). In the 11 
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patients (Cases 1-to 8 and 10 to 12) with paroxysms of 
reciprocating tachycardia, progressive incremental 
atrial pacing without premature atrial stimulation re- 
sulted in induction of an A-V reciprocal rhythm (P- 
QRS-P’ complex), reciprocal beats or a reciprocating 
tachycardia or both (Fig. 4). Atrial flutter-fibrillation 
could be provoked electrically by a single atrial pre- 
mature beat or by rapid atrial stimulation in four pa- 
tients (Cases 1, 7, 10 and 12). In all four of these pa- 
tients, the phenomenon of spontaneous conversion of 
atrial flutter-fibrillation to reciprocating tachycardia?!® 
was observed. 

An atrial premature beat with a- short coupling in- 
terval could easily elicit a paroxysm- of reciprocating 
tachycardia, simulating the onset of an A-V nodal 
reentrant tachycardia. Of note was that the develop- 
ment of functional ipsilateral bundle branch block fa- 
vored the initiation of A-V reciprocation by virtue of 
delaying the impulse arrival at the ventricular end of the 
accessory pathway (Fig. 5). As expected, the rate of re- 
ciprocating tachycardia was slower during the period 
of functional ipsilateral bundle branch block consequent 
to lengthening of the cycle length of the tachycardia 
circuit. 


In the one patient (Case 9) with recurrent atrial flutter- 


- fibrillation, the onset of the arrhythmia appeared to be 


triggered by an atrial premature beat-induced A-V reciprocal 
rhythm, in which the atrium was reactivated in retrograde 
fashion through an accessory pathway during its vulnerable 
phase. As depicted (Fig. 6), the third and fifth QRS complexes 
were atrial premature depolarization-conducted beats fol- 
lowed by retrograde atrial activation (P-QRS-P’ complexes 
with P’ waves being negative in lead H and the R-P” interval 
being shorter than the P-R interval). Because the atrial pre- 
mature beats induced a delay of only 20 msec in A-V nodal 
conduction (A-H intervals lengthened from 90 to 110 msec), 
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FIGURE 6. Case 9. Atrial premature beat-induced ‘A-V reciprocal rhythm and atrial flutter-flbrillation (AF) In a 62 year old woman. The third and fifth 
P waves are atrial premature beats that, respectively, induce an A-V reciprocal rhythm (P-QRS-P’ complex). A paroxysm of atrlal flutter-flbrillation 
(mean cycle length 210 msec) Is InItlated after an A-V reciprocal rhythm (the fifth QRS complex). During the A-V reciprocal rhythm, the retrograde 
P wave is negative in lead Il, and the P-R and R-P’ Intervals are 0.16 and 0.09 second, respectively. The sequence of retrograde atrial activation 
(A‘} (arrows) is first low septal right atrium (in His bundle electrographic lead [HBE]) followed by the left atrlum (In the coronary sinus lead [CS]) 
and the high right atrium (HRA). The A-A' Interval Is 275 msec during A-V reclprocal-rhythm. It is postulated that retrograde atrial activation occurs 


during the atrial vulnerable phase and subsequently elicits a paroxysm of atrlal flutter-fibrillation. 


the possibility of these atrial echoes being A-V nodal reentrant 
beats is deemed unlikely. Also, the atrial coupling intervals 
_of these two atrial premature depolarizations were long rela- 
tive to their preceding atrial cycle lengths (570 versus 910 msec 
and 570 versus 820 msec, respectively). An onset of atrial 
flutter-fibrillation was elicited after the second atrial pre- 
mature beat-induced A-V reciprocal rhythm (the fifth QRS 
complex). It was postulated that reactivation of the atrium 
during the atrial vulnerable phase (A-A’ interval of 275 msec 
during the A-V reciprocal rhythm) was the precipitating event 
responsible for the onset of atrial flutter-fibrillation. 
Subsequent ventricular stimulation study supported this 
hypothesis (Fig. 7 and 8). At a ventricular driving cycle length 
of 600 msec, there was 1:1 ventriculoatrial conduction. The 
sequence of retrograde atrial activation is the same as that 
observed during atrial premature beat-induced A-V reciprocal 
rhythm (Fig. 6)—-first the low septal right atrium (in the His 
bundle electrographic lead) followed by the left atrium (in the 
distal coronary sinus) and the high right atrium, compatible 
with a retrograde conduction pattern from the A-V node-His 
Purkinje system.®15.19,21,26,27 However, the ventriculoatrial 
conduction time measured at these three atrial recording sites 
remained relatively constant despite progressively premature 
ventricular stimulation (Fig. 7 and 8) characteristic of retro- 
grade conduction over an accessory pathway.*:4:15,20,21 Cath- 


eter mapping of the low lateral, anterior and posterior right . 


atrium during programmed ventricular stimulation failed to 
demonstrate retrograde right atrial preexcitation. Before 
failure of ventriculoatrial conduction, paroxysms of atrial 
flutter-fibrillation could be induced at ventricular premature 
coupling intervals of both 240 and 250 msec (Fig. 7). We 
therefore concluded that a septal bypass tract conducting in 
a retrograde direction that allowed rapid retrograde activation 
of the atrium during its vulnerable phase was responsible for 
the initiation of atrial flutter-fibrillation in this patient. 
Treatment: Of the 11 patients with recurrent re- 
ciprocating tachycardia, the condition of 5 (Cases 3, 5, 
6, 10 and 12) could be satisfactorily controlled with a 
combination of digitalis and propranolol (digoxin, 0.25 
mg/day and propranolol 160 to 320 mg/day). Although 
this combination failed to control the tachycardia in two 
(Cases 2 and 4) of the three pediatric patients, the fre- 


quency of attacks has significantly decreased. In the 
remaining four adult patients (Cases 1, 7, 8 and 11) with 
recurrent reciprocating tachycardia, the use of multiple 
drugs including digitalis, propranolol, quinidine, pro- 
cainamide and diphenylhydantoin, alone or in combi- 
nation, failed to control the tachycardia. Surgical in- 
tervention was suggested but would not be considered 
by these patients. All these four patients had a left-sided 
accessory pathway with associated complete left bundle 
branch block (Table I). During electrophysiologic 
studies, right ventricular pacing could satisfactorily 
control the tachycardia (Fig. 1). Therefore, alterna- 
tively, a fixed rate (90/min) right ventricular endocar- 
dial pacemaker was transvenously implanted in these 
patients (Table I). Two (Cases 8 and 11) of them were 
additionally treated with propranolol because sinus 
tachycardia was interfering with pacemaker activity. . 
At a mean follow-up period of 7 months (8 to 18 
months), these four patients had subsequently re- 


. mained asymptomatic since discharge. In the one pa- 


tient (Case 9) with recurrent atrial flutter-fibrillation, 
quinidine (2 g/day) appeared to control the arrhythmia 
without recurrence of symptoms in a follow-up period 
of 10 months. 


- Discussion 


Our present series of 12 patients has demonstrated 
that concealed Wolff-Parkinson-White syndrome can 
occur from the neonatal period to the age of 71 years ` 
(Table I). This suggests that the incidence of this syn- 
drome 'is more common than is generally appreciated. 
In reviewing the experience in 62 infants and children 
with the Wolff-Parkinson-White syndrome, Giardina 
et al.*8. reported disappearance of the ventricular 
preexcitation pattern (electrocardiographic delta wave) 
in early childhood. However, retrograde conduction of 
the accessory pathway can theoretically remain intact 
and account for persistent tachyarrhythmias in such 
patients. Thus, the natural history of the Wolff-Par- 
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FIGURE 7. Case 9, same patient. 
Paroxysm of atrial flutter-fibrillatlon 
(AF) triggered by rapid ventricu- 
loatrial conduction through an ac- 
cessory pathway during the atrial 
vulnerable phase. At a ventricular 
(right ventricle) driving cycle length 
(S4-S1) of 600 msec, there Is 1:1 
ventriculoatria! conduction. -The 
sequence of retrograde atrial acti- 
vation is the low septal right atrium 
(In His bundle electrographic lead 
[HBE}) followed by the left atrium 
and the high right atrium (HRA): A 
ventricular premature beat (Sz) with 
a coupling Interval of 250 msec in- 
duces ventriculoatrial activation 
(arrow) and Initlates a paroxysm of 
atrial flutter-fibrillation with a mean 
cycle length of 210 msec. The slight 
Increment of ventriculoatrial con- 
duction time after this ventricular 
premature beat (from 120 to 140 
msec in the His bundle electro- 
graphic lead) is apparently due to 
ventricular latency or intraventric- 
ular conduction delay. The pres- 
ence of a septal bypass tract con- 
ducting in a retrograde direction is 
suggested. 


kinson-White syndrome is not complete because it 
should include this subset of patients with an accessory 
pathway capable only of retrograde conduction. 
Electrophysiologic phenomena related to con- 
cealed Wolff-Parkinson-White syndrome: These are 
schematically depicted in Figure 9. Because of the 
presence of anterograde unidirectional block in the 
accessory pathway, a sinus or atrial impulse is con- 
ducted over the normal pathway to the ventricles (ab- 
sence of ventricular preexcitation) (Fig. 9A). An ap- 


propriate interplay between the impulse arrival timeat — 


the ventricular end of the accessory pathway and the 
retrograde refractory period of the accessory pathway 


FIGURE 8. Case 9, same patient. Retrograde conduction 
time of premature ventricular beats (V2-A>) as a function 


of premature coupling intervals (V4-V2). Although the 200 


sequence of retrograde atrial activation Is first the low 
septal right atrlum (LRA In the His bundle electrographic 
lead [HBE]) followed by left atrium (LA) recorded from 
the distal coronary sinus (CS) and the high right atrlum 
(HRA), ventriculoatrial conduction time measured from 
these three atrial recording sites remains relatively 
constant despite progressively premature ventricular 
stlmulation. The minimal increment In ventriculoatrial 
conduction time between premature coupling intervals 
of 280 and 240 msec Is apparently due to ventricular la- 
tency or intraventricular conduction delay, or both (see 
Fig. 7). At premature coupling intervals (V1-V2) of both 
250 and 240 msec, paroxysms of atrial flutter-fibrillation 
can be induced. CL = cycle length; RV = right ventricu- 
lar. 
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and the corresponding atrium may facilitate retrograde 
activation of these structures initiating an A-V recip- 
rocal rhythm?4:25 (Fig. 9B). An A-V reciprocal rhythm, 
when perpetuated, produces a reciprocating tachycardia 
(Fig. 9C). Additionally, during the A-V reciprocal 
rhythm, the occurrence of retrograde activation of the 
atrium during its vulnerable phase may trigger a par- 
oxysm of atrial flutter-fibrillation (Fig. 9D).293° 
Factors favoring retrograde activation of the 
accessory pathway: On the basis of the electrophysi- 
ologic observations in our patients, factors that favor 
activation of the accessory pathway and the atrium can 


-be identified. These are (1) spontaneous decrease in the 


RV Pacing CL 600 msec 


o LRA (HBE) 
OLA (CS). 
è HRA 
e. 
e 
0o% 


OSS 0-0-0000 0-0 900-0 0_//_-0 
By ~~'00-0-0—0—0—0-—0—0—0—0-—0—0 #0 
D, 


0 15-0-9.9—o—0—o—o- —5 0-0 





250 300 350 400 450 500 600 
ViVo 


December 1977 The American Journal of CARDIOLOGY Volume 40 845 





CONCEALED WOLFF-PARKINSON-WHITE SYNDROME—SUNG ET AL. 





FIGURE 9. Schematic presentation of the mechanisms of Initiation of 
tachyarrhythmias In the presence of an accessory pathway (AP) with 
anterograde unidirectional block (concealed Wolff-Parkinson-White 
syndrome). A, during sinus rhythm (SR), the Impulse Is conducted ex- 
clusively over the normal pathway (without ventricular preexcitation) 
and reaches the ventricular end of the accessory pathway (AP). B, 
retrograde activation of the accessory pathway'(AP) and the atrium 
results in an A-V reciprocal rhythm (RR). C, an A-V reciprocal rhythm, 
when perpetuated, produces a reciprocating tachycardia (RT). D, during 
A-V reciprocal rhythm, retrograde activation of the atrium during Its 
vulnerable phase results In a paroxysm of atrial flutter-flbrillation (AF). 
H = His bundle. 


sinus or atrial cycle length, resulting in a decrease in the 
retrograde refractory period of the accessory pathway 


or the atrium or both,!731,82 and (2) a delay in the im- 


pulse arrival at the ventricular end of the accessory 
pathway, such as prolongation of A-V nodal-His Pur- 
kinje conduction time or the development of ipsilateral 
bundle branch block. Coumel”? and Krikler et al.” have, 
respectively, described spontaneous onset of recipro- 
. cating tachycardia after an acceleration of the sinus rate 
_ in patients with dual A-V nodal pathways and those 
with manifest Wolff-Parkinson-White syndrome. In the 
former, an intracardiac study delineating the sequence 
of atrial activation during the tachycardia is necessary 
to substantiate the hypothesis; in the latter, the devel- 
opment of anterograde unidirectional block in the ac- 
cessory pathway at a critical sinus rate is a requisite 
condition for its initiation. 

Diagnostic clues for concealed accessory A-V 
pathway: Diagnostic clues ascertained from clinical and 
electrophysiologic observations in our patients with a 
concealed A-V pathway can be summarized as follows: 
(1) presentation of an “incessant” form of tachycardia 
(Fig. 1 and 2)#%3; (2) spontaneous onset of A-V recip- 
rocal rhythms or ‘reciprocating tachycardias after ac- 
celeration of the sinus or atrial rate without antecedent 
atrial extrasystoles or prolongation of the P-R interval 
(Fig. 1 to 4)%19; (3) slowing of the tachycardia rate as- 
' sociated with the development of functional bundle 
branch block (Fig. 5)1-533; (4) during both A-V recip- 


rocal rhythm and reciprocating tachycardia, retrograde . 
P waves (negative in leads II, III and aVF) were dis- 


cernible after the QRS complexes, with the R-P interval 
being shorter than the P-R interval (Fig. 3); and (5) 


occurrence of atrial flutter-fibrillation iri association 


. with A-V reciprocal rhythms (Fig. 6). ° 


Differential diagnosis of A-V nodal reentrant 
tachycardia and ventricular (fascicular) tachycardia: 
Both of these tachyarrhythmias may present similar 
electrocardiographic features. Differential diagnosis is 
of clinical importance because therapeutic approaches 
differ. The initiation of an A-V nodal reentrant tachy- 


_ cardia generally requires a critically timed atrial. pre- 


mature beat, and the retrograde P wave is usually i in- 
scribed during the QRS complex® 54:35 and is hardly 
recognizable from the surface electrocardiogram. In the 
unusual variety of A-V nodal reentrant tachycardia 
utilizing the slow pathway for retrograde conduction 
and the fast pathway for anterograde conduction, 36 the 
retrograde P wave is inscribed far beliind the QRS 
complex with the R-P interval being longer thah the 
P-R interval. A ventricular (fascicular) tachycardia may 
sometimes produce. 1:1 retrograde atrial activation; 
however, its QRS complex is usually distinctly different 
from that of a sinus beat. An electrophysiologic study 


_ with intracardiac recordings of the His bundle potential 


and the sequence of atrial activation will certainly dif-. 
ferentiate the type of underlying mechanism. 
Treatment: Management of tachyarrhythmias in 

patients with a concealed accessory A-V pathway re- 
mains a perplexing therapeutic problem. In patients 
with reciprocating tachycardia associated with con- 
cealed Wolff-Parkinson-White syndrome, the tachy- 
cardia may be medically controlled by increasing the 
refractoriness of either the A-V node or the accessory 
pathway (in retrograde direction).3° The observation 
that.4 of our 12 patients (33 percent) responded satis- 
factorily to a combination of digitalis and propratolol 
suggests that an increase in A-V nodal refractoriness, 
may interrupt the reciprocating tachycardia circuit in 
some of these patients. Similar results have been re- 
ported by others.!412 Other antiarrhythmic agents such 


_as quinidine and procainamide may be administered to 


increase the retrograde refractoriness of the accessory 
pathway. 18.30 

Failure to control the reciprocating tachycardia with 
medical thèrapy in the four adult patients (Cases 1, 7, 
8 and 11) with a left-sided accessory pathway associated 
with left bundle branch block is intriguing. Constant 
delay of the sinus or atrial impulse arriving at the vèn- ` 
tricular end of. the accessory pathway as a result of 
ipsilateral bundle branch block may account for an in- 
creased number of episodes of reciprocating tachycardia 
in these patients. Fortunately, the right bundle branch 
in this situation constitutes a part of the reciprocating 
tachycardia circuit, and therefore right ventricular 


. pacing can easily terminate the tachycardia (Fig. 1). 


The exact incidence of patients with atrial flutter-fi- 
brillation related to the presence of a concealed acces- 
sory A-V pathway as demonstrated in one (Case 9) of 
our 12 patients is unknown. The goal of medical therapy 
in these patients may be achieved by increasing the 
refractoriness of the atrium or the accessory pathway 
(in retrograde direction), or both. Quinidine appears to 
be a drug of choice in this regard.18.5° Finally, surgical 
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interruption of thie accessory pathway or the tachycar- 
dia circuit would surely provide a definitive treatment 
in selected patients who do not respond to a vigorous 
medical regimen.711.19 


` Wolff-Parkinson-White syndrome. 
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Fifteen pailents aha. had c one or: more. docuinentsd episodes: of supra- ne 


ventricular tachycardia but no perlods of Wolff-Parktnson-White syndrome & 


were studied with His bundle. recording, atrial recordings from: multiple’ 


` > lefi and right atrial sites and programmed atrial and ventricular’ stimulation. 


Ten of the. 15 patients studied had a concealed anomalous conduction ` 
pathway as part of the reentry’ circuit responsible for the tachycardla. - The 


-criteria for concealed anomalous ‘conduction pathways were (1) eccentric”. ; 


retrograde atrial ‘activation during supraventricular tachycardia, (2) In- | 


crease in both the. cycle. length of supraventricular tachycardia and the: - 
retrograde | ‘conduction: time during Ipsilateral bundle branch block, and `. 
. (3) retrograde conduction through the concealed anomalous. conduction 
- ‘pathway, during the. refractory period of the bundle of His. Six of the 10. x 
oe anomatous pathways identified í were in the toft atrium, 3 inthe right: atrium - 


and 1 In the. septum. 


" Eight. of.the 10 patients ‘With a concealéd anabi. Génduction: Su 


pathway" were successfully treated with drugs, 7 with propranolol and 1 


- with propranolol and quinidine. In two patients with recurrent supraven- l 


tricular, tachycardia unresponsive : to medical. management, surgical di- 


_. -vision of the concealed anomalous conduction pathway TOPPAR recur-, ` 
` rences for 9 and 15 months, respectively. - es 


Gt Oe 
7 ` . 
oye 


TE ekain may result from 2 an tue focus'i in the- 
“atrium or åtrioventricülat (A-V) junction or from a reentry mechanism `- ' 
- involving. the sinoatrial. node (S-A), atrium, A-V- node, an’ A- V nodal ` - 
. bypass or an A-V bypass pathway.-8 A- V bypass pathways are usually ` 
-recognized from the short P-R interval and abnormal ventricular de- ` ` 


polarization characteristic of the Wolff- Parkinson-White syndrome they 
produce in the surface electrocardiograii. It has only recently been 


; recognized that some A-V bypass pathways are unable to conduct from 
"` the atrium to the ventricle and thus are associated with a normal surface 


electrocardiograr.9-!4 ‘These concealed. anomalous pathways are still `. 


to the atrium during stipraventricular tachycardia while the A-V node 
and the bundle of His act asthe anterograde limb-of the circuit. a 
_ Several recent studies have documented the existence.of these path- 


5 ways and their participation i in the reentry circuit and have-shown'that., ' 
` supraventricular tachycardia secondary to the concealed anomalous- 
‘conduction pathway maybe cured by surgical division of either the 
. anomalous pathway or the’ bundle of His.8:15.16 These reports emphasized . 


that nearly all of these pathways involve the left veritricle and atrium. 
It was- the purposė of this report-to document the frequency of-these | 

pathways ‘in a group-of patients undergoing catheter electrophysiologic : 
study because of oe supraventricular tapneraae and to report 
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the identification of right atrial and septal concealed 
pathways. 


Patients and Methods 


Patients: Fifteen patients who underwent electrophysio- 
logic evaluation of supraventricular tachycardia from June 
1975 to November 1976 did not have surface electrocardio- 
graphic evidence of Wolff-Parkinson-White syndrome in at 
least one routine 15 lead electrocardiogram and during one 
24 hour ambulatory monitoring period. Twelve patients had 
been followed up in our clinic for 3 years or more and had had 
an average of six electrocardiograms. Their ages ranged from 
3 weeks to 44 years; nine were male and six were female. 

Each patient had documented recurrent supraventricular 
tachycardia and had been treated with one or more medica- 
tions without effect. Administration of all medications was 
stopped 48 hours or more before the study. Patients 1, 3, 5, 7, 
and 8 were sedated with meperidine, 1 mg/0.45 kg, and pro- 
methazine, 0.25 mg/0.45 kg, intramuscularly 1 hour before 
study. The other patients received no premedication. 

Recordings: Three or four electrode catheters were used 
for each study.!7,!8 All catheters were inserted percutaneously 
in the femoral or brachial veins with lidocaine (Xylocaine®) 
anesthesia. One tripolar electrode catheter was positioned 
across the tricuspid valve to record the His bundle potential 


and the low septal right atrial activation. One quadripolar: 


catheter was positioned at the high right atrial-superior vena 
caval junction. A second quadripolar catheter was initially 
positioned in the distal coronary sinus and later in each study 
was used to explore the coronary sinus and right atrial endo- 
cardial activation during supraventricular tachycardia. In 
Cases 1, 6, 8, 9 and 10, a quadripolar catheter was also posi- 
tioned in the right ventricle. The catheters were connected to 
electrically isolated photographic recorders and three elec- 
trograms were recorded with three surface electrocardio- 
graphic leads together with the femoral arterial blood pressure 
and the 100 msec time lines. 

Pacing was carried out from the high right atrium and distal 
coronary sinus in each case. In addition, the area of earliest 
retrograde atrial activation during supraventricular tachy- 
cardia was placed after restoration of sinus rhythm in order 


FIGURE 1. Case 9. Recordings of three surface 
electrocardiographic leads simultaneously with 
three intracardiac electrograms during initiation 
of supraventricular tachycardia. The first beat Is 
a sinus beat with a normal atrial activation se- 
quence and conduction Intervals. An artificial 
premature high right atrial depolarization is in- 
troduced and is followed by a sustalned run of 
supraventricular tachycardia in which the left 
atrium (LA) ls activated 25 msec earlier than the 
low septal right atrium (LSRA). The ventriculoatial 
conduction time Is longer after a beat with left 
bundle branch block (LBBB) than after one with 
right bundle branch block (RBBB). DCS = distal 
coronary sinus; FAP = femoral arterial pressure; 
HBE = His bundle electrogram; HRA = high right 
atrium; Pi = pacemaker stimulus. 


TABLE | 


Summary of 10 Cases of Reentry 
Supraventricular Tachycardla 








Delta 

Wave 

Tachycardia With 

Case Age {yr) Cycle Length Pathway Atrlal 

no. & Sex (msec) Site Pacing 
1 8M 240-280 Right lateral + 
2 16M 320 Septal + 
3 15 F 300 Left posterior ` = 
4 12M 290 Left lateral = 
5 3 wk M 210 Left lateral = 
6 44F 330 Left lateral _ 
7 8M 280 Right anterior = 
8 4F 270 Right posterlor + 
9 16M 300 Left paraseptal = 
10 18M 250 Left paraseptal = 





+ = present; — = absent. 


to try to enhance any possible anterograde conduction through 
the pathway. Programmed atrial stimulation was also carried 
out at these sites from late diastole to the atrial refractory 
period in an attempt to induce supraventricular tachycardia. 
In two patients, tachycardia could also be initiated by pro- 
grammed ventricular stimulation. During supraventricular 
tachycardia single programmed atrial and ventricular ex- 
trastimuli were introduced. 


Results 


Electrophysiologic evaluation in the 15 patients re- 
vealed that 3 had automatic ectopic atrial tachycardia, 
as judged using previously reported criteria,®’ and 2 had 
S-A nodal reentry as the mechanism for their tachy- 
cardia. The remaining 10 patients all had reentry su- 
praventricular tachycardia in which the A-V node-His 
bundle pathway formed the anterograde limb and the 
concealed anomalous pathway the retrograde limb of 
the reentry circuit (Table I). 


LBBB RBBB 
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Eccentric retrograde atrial activation: The 
presence of the anomalous pathway was proved by 
finding an eccentric retrograde atrial activation se- 
quence during reciprocating supraventricular tachy- 
cardia (Fig. 1). Normal retrograde activation of the 
atrium by way of the A-V node during ventricular pac- 
ing or during A-V nodal reentry tachycardia is observed 
first at the low septal right atrium as recorded with the 
His bundle catheter (Fig. 2). The high right atrium, the 
left atrium and all other parts of the right atrium are 
activated later. The area between the mouth of the 
coronary sinus and the fossa ovalis is often activated 
nearly simultaneously with the low septal right atrium. 
Concealed anomalous pathways that connect the left 
ventricle and left atrium cause early activation of the 
left atrium, as recorded in the coronary sinus electro- 
gram (Fig. 1); those that connect the posterior ventric- 
ular and atrial septa excite the mouth of the coronary 
sinus early (Fig. 3). Right ventriculoatrial anomalous 
pathways may preexcite any part of the right atrium. 
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FIGURE 2. Simultaneous recordings of three 
surface electrocardiographic leads with three 
intracardiac electrograms during right ventricular 
pacing. There Is retrograde ventriculoatrial con- 
duction with Wenckebach periodicity. The atrial 

activation sequence is normal with the low septal 

right atrium (LSRA) activated first. Abbreviations 
“s * 8! asin Figure 1. 


Of the 10 concealed pathways reported here, 6 resulted 
in early activation of the left atrium, 1 of the posterior 
atrial septum and 1 each of the right atrial anterior, 
lateral and posterior free wall (Table I). 

Ventriculoatrial conduction when bundle of His 
is refractory: The second finding that confirmed the 
presence of a concealed anomalous pathway was the 
achievement of ventriculoatrial conduction while the 
bundle of His was refractory. This occurred in all five 
of our patients in whom such conduction was attempted, 
as indicated by the fact that a premature ventricular 
stimulus given at the time of His bundle depolarization 
during supraventricular tachycardia resulted in a 
oe of the subsequent atrial cycle length (Fig. 
4). 

Increase in tachycardia cycle length and ven- 
triculoatrial conduction time during ipsilateral 
bundle branch block: A third finding, which not only 
confirmed the presence of the pathway but also showed 
it to be part of the reentry circuit was an increase in the 


FIGURE 3. Case 2. Initiation of supraventricular 
tachycardla by a premature atrial beat in a patient 
with a septal anomalous pathway. During supra- 
ventricular tachycardla, the mouth of the coronary 
sinus (MOCS) is the first part of the atrium to be 
activated. Abbreviations and format as In Figure 
1: j 
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FIGURE 4. Case 9. Atrial capture by premature ventrlc- 
ular stimulation durlng the refractory period of the bundle 
of His. The cycle length (CL) of the tachycardia is 300 
msec. A premature ventricular stimulus during supra- 
ventricular tachycardia results In a shortening of the atrial 
cycle length to 285 msec. RVA = right ventricular apex; 
other abbreviations and format as In Figure 1. 
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tachycardia cycle length and an increase in ventricu- 
loatrial conduction time coincident with a bundle 
branch block on the side of the pathway (Fig. 1). This 
occurs because the reentry circuit during ipsilateral 
bundle branch block must travel down the opposite 
bundle branch and through the ventricular septum 
before activating the anomalous pathway. Bundle 
branch block was observed in six patients. Patient 2, 
with a septal pathway, had no change in cycle length or 
ventriculoatrial conduction time with either right or left 
bundle branch block. Patient 7, with a right anterior 
pathway, had slowing of the rate of tachycardia and 
ventriculoatrial conduction with right bundle branch 
block. Patients 3, 4, 9 and 10 had slowing of both rate 
and ventriculoatrial conduction with left bundle branch 
block. The other four patients did not exhibit bundle 
branch block. 

Effect of pacing: Atrial pacing at the presumed site 
of the concealed anomalous conduction pathway re- 


sulted in an unmasking of anterograde conduction ~ 


through the anomalous pathway in Patients 1, 2 and 8. 
Neither high right atrial nor coronary sinus pacing re- 
sulted in conduction through the anomalous pathway 
in any patient. 

Treatment: Patients 2 and 4 had tachycardia that 
severely limited their lives and was uncontrollable de- 
spite the use of many combinations of medication. Both 
patients were referred to Drs. J. J. Gallagher and Will 
Sealy at Duke University and both underwent suc- 
cessful surgical interruption of the anomalous pathway. 
Epicardial mapping during surgery confirmed the site 
of the pathway. Neither patient has had supraventric- 
ular tachycardia during respective follow-up periods of 
15 months (Patient 4) and 9 months (Patient 2). The 
latter patient had frequent premature atrial contrac- 
tions for 6 weeks postoperatively, possibly as a result of 
the extensive dissection required to divide the septal 
pathway. 
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The other eight patients were treated with orally 
administered propranolol. In all except Patient 7, the 
- tachycardia was completely controlled for 2 months to 
1 year. The tachycardia of Patient 7 has not been con- 
trolled with any medical regimen although its rate has 
been slowed from 210 to 140 beats/min with the com- 
bined use of propranolol and quinidine. 


Discussion 


Incidence of supraventricular tachycardia due 
to concealed anomalous extranodal pathways: The 
understanding and management of supraventricular 
tachycardia has been greatly advanced by electro- 
physiologic techniques for intracardiac recording and 
stimulation, both in the cardiac catheterization labo- 
ratory and in the operating room.!57 The ability to 
divide the A-V muscle bundles that cause the Wolff- 
Parkinson-White syndrome has allowed surgical cure 
in many patients.®-!7-19 Some patients without Wolff- 
Parkinson-White conduction have concealed anomalous 
muscle bundles that participate in their tachycardia and 
these muscle bundles may also be divided surgically.®-16 
Wellens and Durrer” found that an anomalous pathway 
was part of the reentry circuit in 5 of 52 patients (10 
percent). In our study, 10 of 15 patients with normal 
A-V conduction and refractory supraventricular 
tachycardia had a concealed extranodal pathway. Our 
patients were not representative of all patients with 
supraventricular tachycardia. They tended to be young 
and many were referred because of difficulty in con- 
trolling the tachycardia or the serious symptoms re- 
sulting from it. We do not know if an anomalous path- 
way would be found as frequently in older patients or 
in those with less severe tachycardia. The previously 
reported large incidence of A-V nodal reentry tachy- 
cardia in adults will almost surely be decreased as more 
studies using multiple atrial recording sites are per- 
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formed.2,21,22 Patients 4 and 7 of our series had pre- 
viously been studied by us and had been thought to have 
A-V nodal reentry tachycardia. The data in these cases 
fit all of the original criteria for A-V nodal reentry with 
induction of supraventricular tachycardia after a critical 
A-V nodal delay either from a single atrial extrastimulus 
or during Wenckebach cycles, low to high atrial acti- 
vation and termination of supraventricular tachycardia 


by a single atrial extrastimulus.?! 


Therapeutic implications: Longer follow: -up is 
needed, but the initial results obtained with propranolol 
alone in the treatment of supraventricular tachycardia 
due to a concealed anomalous pathway are promising. 
In all of our patients previous treatment with digoxin 


. had not controlled the tachycardia, and in four patients 


combined use of digoxin and propranolol had been un- 
successful. Patients whose supraventricular tachycardia 
is life-threatening or severely limiting and whose con- 
dition cannot be controlled medically should undergo 
invasive electrophysiologic studies, including detailed 


endocardial atrial mapping during supraventricular , 


tachycardia. 


- It is not satisfactory to record from only three sites 
in the atrium (high right atium, low septal right atrium 
and distal coronary sinus); the whole length of the cor- 
onary sinus and entire right atrial endocardium must 
be mapped or some pathways may be missed. Case 2 
demonstrates the subtle changes that must be searched 
for. In this patient, early activation of the mouth of the 
coronary sinus (by 10 msec) was the clue revealing a 
septal pathway. This was confirmed by surgical map- 
ping and division. If a concealed pathway is found in 
such a clinical setting, surgical division should be con- 
sidered. The decision to proceed with surgery will de- 
pend on many factors. The site of the pathway is prob- 
ably the most important. The risk of failure to divide the 
pathway and of complete A-V block is greater in septal 
pathways than in those on the free walls of the atria.® . 

The electrophysiologic catheterization studies and 
surgical division of the anomalous pathway should be 
performed by teams experienced in these procedures 
because both sophisticated equipment and a thorough 
understanding of cardiac eleottoph ymiology are neces- 
sary. 
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Alternating Wenckebach. perlods were defined as episodes of 2:1 block 
during which there was a gradual prolongation of the transmission Intervals 
preceding the’ appearance of 3:1 or 4:1 block. Alternating Wenckebach 
periods occurring within the His-Purkinje system In symptomatic patients 
with right bundle branch block could have resulted from involvement of 
the His bundle only, the left bundle branch only or both structures simul- 
taneously. Alternating Wenckebach patterns presumably occurring in the 
reentry pathway of ventricular extrasystoles and In the tissues surrounding 
an ectopic atrial focus or bipolar pacing electrodes were manifested in 
the coupling intervals of the | premature beats; in the P-P intervals of atrial 
tachycardla with atrioventricular (A- V) block due to digitalis; and in the 
stimulus (St)-A intervals following electrical stimull delivered to the atrla 
at fast rates. Alternating Wenckebach periods of St-H and St-delta wave 
intervals In patients with the Wolff-Parkinson-White syndrome resulted 
from. Involvement of the Kent bundle itself, or of the atrla as a proximal 
level common to distal longitudinally dissociated structures (Kent bundle 
and A-V node). 

It is concluded that contrary to what Is commonly believed alternating 


_ Wenckebach periods may be a tachycardia-dependent phenomenon 


‘ 


occurring above, below or ‘outside the A-V node.and explaining a variety 
of spontaneous or electrically induced arrhythmias whose slgnVficance 
depends on the clinical setting in which they occur. 


- Most publications!~® dealing with the phenomenon recently termed 


Wenckebach periods of alternate beats or alternating Wenckebach pe- 
riods have referred to its occurrence at the atrioventricular (A-V) node. 
In contrast, there have been few reported examples of alternating 
Wenckebach periods occurring below the A-V node, and only one of these 
examples appeared spontaneously during sinus rhythm.1¢-14 It therefore 
seemed justified to stress that this phenomenon can, like the classic 
Wenckebach (type I) block, originate within any structire (or structures) 


*in which some form of conduction delay is actually or potentaly 


pisent 


Material and Methods 


Patients: The tracings from six patients showing surface electrocardiographic 
patterns compatible with alternating Wenckebach periods in structures other 
than the A-V node constitute the basis of this report. Four patients were referred 
for intracardiac electrophysiologic studies. His bundle electrograms were ob- 
tained using standard techniques®!5 after the procedure was explained and 
patient consent obtained. Rapid atrial stimulation was performed with the aim 
of inducing atrial flutter or fibrillation in three of the patients who had persistent 
or intermittent Wolff-Parkinson-White Bynuronie and spontaneous atrial ar- 
rhythmias.15 ` 

Definitions: For the purpose of this Pe Wenckebach periods faptied a 
gradual prolongation of transmission intervals ending i in a single blocked impulse 
whether or not the “typical”?progressive decrease i in the response to response 
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500 msec. l 


interval was present. Alternating Wenckebach periods were 
defined as episodes of 2:1 block in which conducted impulses 


showed progressive prolongation of the transmission intervals, . 


ending in 3:1 or 4:1 block.68° This description excludes other 
variations. of alternating Wenckebach periods® 10 that are 
beyond the scope of this report. 

It is generally accepted that alternating Wenckebach pe- 
riods result from a double area of impaired conduction, one 
located in the proximal and the other in the distal part of the 
affected structure.*:!0 The terms proximal and distal should 
be considered only didactic generalizations because impulses 
that fail to reach a distal recording site (thereby remaining 
concealed within the affected structure) can stop at more than 
two levels.2816.17 ` 

Although most investigators)-® believe that diternating 
Wenckebach periods ending in two consecutively blocked 
impulses are due to the association of a proximal Wenckebach 
with a distal 2:1 block, Halpern et al.!° considered that some 
of these episodes could also result from a single level of block. 
On the other hand; alternating Wenckebach periods termi- 
nating in three consecutively blocked impulses aré almost 
invariably explained by the association of a proximal 2:1 block 
and a distal Wenckebach block. 


Results 


Alternating Wenckebach periodicity within the. His 
bundle or bundle branches (or both) (Cases 1 and 2): 
Figure 1 (top) was obtained from a 62 year old woman (Case 
1) with intermittent Wolff-Parkinson-White syndrome, re- 
current supraventricular tachyarrhythmias, complete right 
bundle branch block, second degree A-V block in the normal 
(A-V node—His-Purkinje) pathway and advanced A-V block 
in the Kent bundle. The first half of the strip, recorded during 
atrial pacing, shows 2:1 atrio-His block with an increase of the 
H-V interval from 50 to 170 msec as a consequence of a de- 
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FIGURE 1. Cases 1 and 2. Alternating 
Wenckebach perlod at the H-V level 
occurring during atrial pacing (top 
panel, Case 1) and sinus rhythm (bot- 
tom panel, Case 2) ending In two non- 
conducted atrial deflections presum- 
ably because of the assoclation of a 
proximal (PROX) Wenckebach block 
and a distal 2:1’ block. Numbers In the 
bottom panel refer to H-V Intervals. A 

= low septal right atrial deflection re- 
corded by the HBE lead; H = His bundle 
electrogram; HB and HBE = His bundle 
electrographic lead; V = onset of 
ventricular depolarization. In this and all 


msec. 


v 


other figures values are expressed in- 


crease in the H-H interval from 380 to 365 to 350 msec. This S 
alternating Wenckebach period ended when two consecutive - 


atrial impulses, after having activated the His bundle, failed 
to reach the ventricles. Thus, 2:1 H-V block changed to 3:1 
H-V block presumably because of the association of a proximal 
Wenckebach block with a distal 2:1 block. 

Figure 1 (bottom) was obtained from a patient (Case 2) with 
right bundle branch.block, left posterior hemiblock and dizzy 
spells. The spontaneous alternating Wenckebach period 
(occurring during sinus rhythm) was characterized by 2:1 A-V 


consecutive P waves were blocked. His bundle recordings 
showed a progressive increase of the H-V interval from 60 to 


"75 to 90 msec until two consecutive P waves were blocked 


below the site from which the His bundle deflection was re- 
corded, presumably because of the association of a proximal 
Wenckebach block and a distal 2:1 block. 

In both cases the alternating Wenckebach periods could 
have occurred within the distal His bundle, within the left 


-bundle branch or within both the His bundle (proximal level) 


and the left bundle branch (distal level). ` 

Alternating Wenckebach periods within the ventricles 
(Case 3): Figure 2 was obtainéd from a 57 year old man with 
alcoholic cardiomyopathy. The top strip depicts a run of in- 
termittent ventricular bigeminy showing progressive 
lengthening of the coupling interval from 480 to 530 msec until 


` the third QRS complex (of supraventricular origin) failed to 


be followed by an ectopic beat. Thereafter, the subsequent 
ventricular complex (produced by a sinus P wave) was again 
followed by a ventricular extrasystole with a coupling interval 
(480 msec) similar to that of the first extrasystole. The third 
and fifth (narrow) QRS complexes might have been produced 
by a sinus P wave or by retrograde conduction of the preceding 
ectopic ventricular beats. In either case, the resulting pattern 
was that which has been attributed to a Wenckebach phe- 
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. block with gradual prolongation of the P-R interval until two 
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FIGURE 2, Case 3. Interpolated ventricular extrasystoles showing a 


Wenckebach pattern (top strip) and an alternating Wenckebach pattern 
(bottom strip) of the coupling intervals. 


nomenon in the ectopic-ventricular junction (in cases of in- 
termittent parasystole) or in the reentry pathway (in cases of 
reentry extrasystoles).18-21 

Other tracings from this patient also showed a pattern 
consistent with alternating Wenckebach periods (of ventric- 
ular extrasystoles) occurring in the reentry pathway (Fig. 2, 
bottom). Apparently, concealed penetration into the reentry 
pathway occurred after the third QRS complex (of supra- 
ventricular contour), thereby producing prolongation of the 
coupling interval of the following (manifest) extrasystole from 
480 to 510 msec. Subsequently, two consecutive (narrow) 
complexes were not followed by ventricular extrasystoles, the 
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FIGURE 3. Case 1. Rapid atrial pacing producing an intraatrial alter- 
nating Wenckebach perlod ending when two consecutive stimull (St) 
were not followed by high right atrial (HRA) deflections. A = low septal 
right atrial deflection in the vicinity of the A-V node (His bundle elec- 
trogram); MRA = mid right atrial electrogram; other abbreviations as 
in Figure 1. 
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cycle starting again with an extrasystole having coupling in- 
tervals of 480 msec 

It can be postulated that the association of`a proximal 
Wenckebach block and a distal 2:1 block occurred in the 
reentry pathway of reentry extrasystoles, but this interpre- 
tation could also be applied to the ectopic-ventricular junction 


_ surrounding an automatic focus. 


Alternating Wenckebach periods within the atria 
(Cases 1 and 4): Figure 3 shows the results when rapid atrial 
stimulation at increasing rates was performed (in the same 
patient [Case 1] from whom Figure 1, top, was obtained) with 
the purpose of inducing atrial fibrillation. The atria were 
paced through the distal electrodes of a catheter positioned 
in the high right atrium. Other catheter electrodes were used 
to record from the high right atrium (at a distance of 15 to 25 
mm from the pacing electrodes), mid right atrium and low 
septal right atrium in the vicinity of the A-V node (A deflec- 
tion of His bundle electrogram lead). Figure 3 depicts a cycle 
of 2:1 stimulus (St) to high right atrial block with progressive 
prolongation of the St-high right atrial intervals from 20 to 
25 to 55 msec until two consecutive stimuli failed to be fol- 
lowed by high right atrial deflections. The time elapsing be- 
tween inscription of the corresponding high right atrial and 
mid right atrial electrograms and between the mid right atrial 
and low right septal electrograms was the same throughout 
the cycle, indicating that the alternating Wenckebach period 
occurred between the pacing site and the most proximal (hi 
right atrial) recording electrodes. It could not be determined 
whether this phenomenon resulted from an increase in latency 
or a two level conduction disturbance, or both. 

Figure 4 was recorded from a 45 year old man (Case 4) with 
digitalis intoxication and incomplete right bundle branch 
block. Other tracings from this patient have been discussed 
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FIGURE 4. Case 4. Atrial tachycardia with A-V block in a patient with 
digitalis toxIcity showing 2:1 exit block (top strip) and an alternating 
Wenckebach perlod (bottom strip) In the ectoplic-atrial Junction (E-A) 
located between the automatic atrial focus (EF) and the surrounding 
atrial myocardium (A). In this lead (V1) the biphasic P waves are large 
in relation to the small triphasic QRS complexes. The ventricular 
complexes Indicated by the last two arrows pointing upward are ‘‘ac- 
celerated" A-V junctional beats. The deflection between Ps and Pg was 
a ventricular complex (with slight aberration) Induced by-Ps. 
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500 MSEC. 
FIGURE 5. Case 5. His bundie recordings (HBE) in a patient with 


Wolff-Parkinson-White, type B during sinus rhythm and right atrial 
pacing. AS = high right atrium. 


elsewhere.*? The beginning of the -top strip shows atrial 
tachycardia with first degree A-V block occurring at a rate of 
150/min (P-P interval 400 msec). Toward the middle of the 


|,’ strip the atrial rate suddenly decreased to 75/min. Thus the ` 


P,4-Ps and Ps-Pg intervals increased to 800 msec. These 
changes were attributed to 2:1 block between an automatic: 


focus and the surrounding ‘atrial myocardium.2? The A-V | 
junctional beats indicated by.the last two arrows pointing , 


upward were due to the coexisting (also digitalis-induced) - 
enhancement of automaticity which preceded a run of A-V 
junctional tachycardia (shown in other strips from the same 
patient).22 , 

In the bottom record of Figure 4, the P-P intervals first 
` decreased from 880 to 830 msec before increasing again to. 
1,090 msec. The sum of 880 and 830 and 1,090 (2,800) is exactly 
seven times 400 msec, which was the original cycle length of 
. the atrial tachycardia. Thus, the spacing between P waves can 


be explained by the existence of an alternating Wenckebach . 


period in the ectopic-atrial junction, ending i in two consecu- 
. tively nonconducted impulses as depicted in the diagram. ° 

` Alternating: Wenckebach periods in patients with 
Wolff-Parkinson-White syndrome (Cases 5 and 6): Figures 


|” Band 6 were obtained from a 16 year old boy (Case 5) with ` 











symptomatic Wolff-Parkinson-White syndrome, type B. The 
first (sinus) beat in Figure 5 was a fusion complex resulting 
from ventricular activation through both the A-V node and 
the right-sided Kent bundle. Mid right atrial pacing at a rate 


7 of 117/min produced the QRS complexes characteristic of 


exclusive Kent bundle conduction. The H deflection was 


‘ initially inscribed after the beginning of the delta wave (sec- 


ond beat), thereafter being obscured by the ventricular elec- 
trogram of the His bundle electrographic lead (last beat): Thus 
it could not be determined whether the His bundle was acti- 
vated in anterograde fashion from the A-V node or in retro- 
grade fashion from the ventricles. In patients with Wolff- 

Parkinson-White syndrome the St-delta wave intervals 'in- 
clude the conduction time through the part of the atria located 
between the pacing electrodes and the site of entry into the 
Kent bundle plus the conduction time through the Kent 
bundle itself. On the other hand, the St-A intervals represent 


` the conduction time from pacing electrodes to a right septal 


atrial site in the vicinity. of the A-V node, not necessarily at 
the entrance of the Kent bundle. Finally, the St-H intervals 
are given by the sum of the St-A intervals and the A-H inter- 
vals (A-V nodal conduction time). 

Figure 6 was recorded after an episode of supraventricular 
tachycardia for which the patient had received 0.1 mg/kg of 
propranolol hydrochloride (total dose 5 mg). The atria were 
paced at a rate of 195/min. In the diagram solid lines indicate 
conduction through the Kent bundle and broken lines through 
the normal A-V node-His-Purkinje pathway. The beginning 
of the figure shows 2:1 A-V block during which impulses’1, 3 


‘and 5 were blocked in both pathways and 2, 4 and 6 conducted 


through the Kent bundle with progressive prolongation of the 
St-delta wave intervals (from 75 to 125 msec). Thereafter 
three consecutive impulses (7, 8 and 9) were unable to: activate 
the ventricles through the Kent bundle. This A-V conduction 


- pattern suggests that the alternating Wenckebach period 


occurred in the Kent bundle itself. - 

The events occurring after impulse 8 indicate that the al- 
ternating Wenckebach period of the Kent bundle had been - 
associated with 2:1 A-V nodal (A-H) block. While impulses . 
1, 3 and 6 were totally blocked at the A-V node, impulses 2, 
4 and 6 were able to penetrate it in anterograde manner, 
thereafter colliding with: the impulses that (after having 
reached the ventricles by way of the Kent bundle) penetrated 
the His-Purkinje system in a retrograde fashion. Thus, im- 
pulses 2,4 and.6 were unable to activate the ventricles through 
the normal pathway because of interference, not true block. 
Because impulse 8 was blocked in the Kent bundle, conduc- 
tion through the A-V’ node was possible, but with an St-H 
interval of 195 msec. Finally, block of impulse 9 in both 


FIGURE 6. Case 5. Alternating Wencke- 
bach perlod In the Kent bundle occurring 
during atrial pacing terminating In three 
consecutively blocked atrial impulses 
. (numbers 7, 8 and 9) In the Kent bundle. 
Numbers at the upper level Indicate con- 
secutive stimuil (St) delivered to the atria. 
Solid lines from St to V Indicate conduction . 
through the Kent bundle. Broken lines 
represent propagation through the atrio- 
ventricular node-His-Purkinje pathway. The 
diagram depicts a 2:1 block at the upper 
level of the Kent bundle and Wenckebach 
periods in its lower level. Abbreviations as 
in Figure 1. 





FIGURE 7. Case 6. High right atrial (HRA) 
pacing In a patient with Wolff-Parkinson- 
White syndrome, type A, presumably due 
to a left-sided Kent bundle, The left panel 
shows a fuslon (first ) QRS complex (during 
sinus rhythm) as well as the configuration 
resulting from exclusive conduction 
through the Kent bundle (last two ventric- 
ular complexes produced by atrial pacing). 
The QRS configuration produced by His 
bundle pacing Is shown in the right panel. 
Abbreviations as In Figures 1 and 3. 


Il 
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pathways, with conduction of impulse 10 through the Kent 
bundle (with an St-delta wave interval similar to that of the 
first conducted beat in Fig. 2), reestablished the initial 2:1 A-V 
conduction pattern. 

The diagram suggests that the alternating Wenckebach 
pattern through the Kent bundle resulted from the association 
of a proximal 2:1 A-V block and a distal Wenckebach phe- 
nomenon. This implies that three consecutive atrial impulses 
were blocked in the Kent bundle because the 2:1 block pro- 
gressed to 4:1 block. 

Figures 7 and 8 depict the findings in a 63 year old symp- 
tomatic patient (Case 6) with type A Wolff-Parkinson-White 
syndrome (presumably due to a left-sided Kent bundle), in- 
traatrial block and old inferior wall myocardial infarction. The 
first (sinus) beat in the left panel of Figure 7 was a.fusion 
complex resulting from ventricular activation’‘through both 
the A-V node and the Kent bundle. High right atrial pacing 
at a rate of 120/min resulted in the QRS configuration char- 
acteristic of exclusive Kent bundle conduction (second and 
third.ventricular complexes in the left panel). The forward H 
deflection was inscribed after the onset of ventricular depo- 
larization. His bundle pacing (right panel) produced the QRS 
configuration that in this patient resulted from exclusive 
ventricular activation by the impulse traversing the His- 
Purkinje system. 
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HIS PACING 


Figure 8 shows the bizarre alternating Wenckebach period 
that occurred in the same patient during high right atrial 
pacing at a rate of 240/min. Whereas the first two QRS com- 
plexes were fusion beats resulting from ventricular activation 


- through both pathways (with inscription of the H deflection 


after the onset of the delta wave), the last ventricular complex 
represented exclusive normal pathway conduction. The H-V 
interval and QRS configuration were the same as those of the 
St-V interval and ventricular complexes seen during His 
bundle pacing (Fig. 7, right panel). At the beginning of the 
record there was an episode of 2:1 St-delta wave block and 2:1 
St-H block associated with prolongation of the St-delta wave 
intervals from 170 to 245 msec and of the St-H intervals from 
170 to 270 msec. Thereafter two consecutive stimuli (pro- 
ducing atrial responses in the corresponding recording sites) 
were unable to activate the His bundle and four failed to reach 


_the ventricles through the left-sided Kent bundle. The pro- 


longed St-A intervals without significantly increased St-high 
right atrial intervals produced by the last five impulses were 
attributed to a pacing-exposed conduction delay that did not 
occur (as in Fig. 3) between the high right atrial pacing and 
recording sites, but between the latter and the low septal right 
atrium. Although left atrial electrograms were not recorded, 
an associated delay in arrival of excitation at the left atrial 
entrance of the Kent bundle can be assumed. 


St St 
Il $ St St St St St 
FIGURE 8. Case 6. Alternating Wenckebach pattern of - i i] : 
St-delta wave and St-H intervals ending with two con-- HRA T a ha ane a SR 
za $ | i ; | H | i H 
H a ; | 
: | o a | | | 
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secutive atrial Impulses being unable to reach the His 
bundle through the A-V node (AVN) and with four con- 
secutive atrial impulses falling to reach the ventricles 
through the left-slded Kent bundle. Note the increase 
(from left to rignt) In conduction time between the paced 


HBE 


St-LRA 30. 


high right atrial (HRA) site and the low septal right atrium 
(LRA) in the vicinity of the A-V node. B = blocked Im- AVN B 
pulses; C = conducted impulses; other abbreviations as KENT B 


in Figure 1. 
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In this patient the significant intraatrial conduction dis- 
turbance made it possible for the alternating Wenckebach 
periods to have resulted from involvement of the atria as the 
proximal structure and the Kent bundle and A-V node as the 
distal (longitudinally dissociated) structures. 


Discussion . 


A-V nodal alternating Wenckebach periods, a 
commonly recognized phenomenon: As previously 
mentioned, it has been suggested that alternating 
Wenckebach periods can result from a single level of 
block.!° Yet, most investigators explain this arrhythmia 
by assuming a horizontal dissociation of the affected 
-structure into a more proximal and a more distal region. 
Although according to Kosowsky et al.8 the first ex- 
ample of alternating Wenckebach periods was that 


_described by Lewis in 1912, it was not until 1950 that ` 


Besoain-Santander et al.! published the classic paper 


dealing with the A-V conduction patterns of atrial ' 
-flutter. 


These authors attributed the Wenckebach 
phenomenon occurring during 2:1 A-V conduction to 


` a double region of block with “halving of the auricular - 
` rate at the high level of the A-V junction and block with 


the Wenckebach phenomenon in the lower.”! 
` This arrhythmia was well known to clinical electro- 
cardiographers from 1950 to 1973.19.11 However,'a 


- . specific terminology was not applied until recently by 


Halpern et al.,/° who implied that alternating Wenck- 


ebach periods were clinically uncommon and carried a , , 
poor prognosis. Actually, they were referring to the . 


His-Purkinje'type, of which only eight cases have been 
reported.}°-14 In fact, Amat-y-Leon et al. and Kosow- 
sky et al.8 recently corroborated the previous impression 
of clinical electrocardiographers: Namely, the alter- 
nating Wenckebach periods within the A-V node rep- 


, resent a common electrophysiologic response during 
-atrial flutter, atrial tachycardia and atrial pacing at 


increasing rates, which by itself has no short-term det- 
rimental prognostic implications. 
Clinical significance: and tachycardia-depen- 


_ dency of His-Purkinje alternating Wenckebach 


periods: Alternating Wenckebach block at the His- 
Purkinje level occurring during sinus rhythm seems to 


_ bea clinically significant conduction disturbance, pre- 
, sumably requiring permanent pacing, and it has been 


attributed to primary conduction system disease, 
chronic Chagasic myocarditis, congenital heart disease 
and coronary artery disease without acute myocardial 
infarction.!0-14 The reason that more cases of alter- 
nating Wenckebach periods at this location have not 


been described may be that pacemakers are already ` 


implanted (for other symptomatic conduction distur- 
bances) before the pattern of alternating Wenckebach 
periods develops.4 

Although Figure 1, bottom, is an exception, Figure 1, 


top, like most reported cases of alternating Wenckebach 


periods at the His-Purkinje level evolved from a rela- 
tively stable 2:1 block after the atrial rate was increased 
by atropine or by electrical stimulation.!°4 This 


suggests that alternating Wenckebach periods can be _ 


‘a tachycardia-dependent phenomenon, not only in the 


His- Purkinje system (Fig. 1), but also in the atria (Fig. 
3) and even in the Kent bundle (Fig. 6 and 8). In fact, 


` Halpern et al.!° stated that “in the final analysis alter- 


nating Wenckebach periods are a particular form of 2:1 
A-V block” occurring only at the appropriately rapid 
rates. These assumptions are in keeping with the ex- 
perimental studies of El Sherif et al., who occasionally: . 
observed alternating Wenckebach periods preceding the 
appearance of tachycardia- dependent (paroxysmal) 
A-V block. 

Alternating Wenckebach periods within the 
ventricles: Alternating Wenckebach periods occurring 
within the reentry pathway of ventricular extrasystoles 
or in the junction between an automatic nonprotected 
or an automatic protected (parasystolic) focus and the 
surrounding ventricular myocardium can explain some 
of the bizarre coupling patterns seen in patients with 
interpolated ventricular extrasystoles (Fig. 2) as well as 
the “chaotic” R-R intervals occurring during paroxysms 
of accelerated idioventricular rhythm.” The interpre-. 
tation of Figure 2 is consistent with the findings of Ki- 


“noshita,?! who reported two cases in which an ectopic. 


ventricular rhythm with 2:1 “exit” block coexisted with 
concealed conduction of the blocked impulses into the 
ectopic-ventricular junction. f 
Spontaneous and. iatrogenic intraatrial alter- 
nating Wenckebach periods: Conversely, it is possible 
to explain occasional episodes of spontaneous “irregu- 
lar” or “chaotic” atrial tachycardia by assuming the 
existence of alternating Wenckebach periods at the 
junction between an‘ectopic atrial focus and the sur- 
rounding myocardium (Fig. 4). In fact, some of the al- 
ternating Werickebach periods induced by rapid atrial 
stimulation occurred in the immediate vicinity of the 
pacing electrodes (Fig. 3). In other cases, however, 
pacing-induced intraatrial conduction . disturbances 
occurred after the impulse reached the closest recording 


electrodes, that is, between high right and low septal `` 


right atrial recording sites (Fig. 7 and 8). _ 

Clinical and electrophysiologic significance of 
alternating Wenckebach periods in patients with 
Wolff-Parkinson-White syndrome: Even before the 


_ advent of His bundle electrocardiography Scherf and 


Cohen? had emphasized that although second degree 
A-V block occurred in preexcitation syndromes, it would 
not be manifested unless normal A-V conduction was 
also disturbed. Otherwise, propagation through the A-V 
node in the usual fashion would mask the existence of 
the conduction disturbance in the Kent bundle. The 
arrhythmia occurring in Figure 6 could have resulted 
from pacing-exposed (beta blocker-induced) effects on 
both the A-V node and the Kent bundle, because it was 


-not seen before the administration of the drug. 


Although examples of varying (second degree, ad- 
vanced or complete) A-V block in the Kent bundle 
during sinus rhythm have been published,”>-5 we were 
able to.find only a few cases with arrhythmias closely 
related to that shown in Figure 6. For example, Case 4 ` 
of Coumel et al.?6.had varying degrees of A- V-conduc- 
tion through an accessory pathway presumably of the 











Kent bundle type. An abrupt increase in the pacing rate 
(performed during 2:1 A-V conduction) resulted in four 
consecutively blocked impulses, thereby resembling 
Figure 3 of Langendorf et al.,!7 which depicted the ex- 
perimental induction (by rapid atrial pacing) of con- 
cealed conduction in the human A-V junction. The 
change of 2:1 to 5:1 A-V conduction in the case reported 
by Coumel et al.26 can be attributed to concealed con- 
duction with a gradual decrease not only of depth, but 
of partial, penetration in the Kent bundle. Moreover, 
concealed conduction with different extent and depth 
of penetration has also been implied in the genesis of the 
varying (2:1 and 3:1) A-V conduction ratios occurring 
through the Kent bundle in patients with atrial tachy- 
cardias or atrial flutter.27.28 

In Figures 7 and 8 the greater distance between the 
paced site and the atrial entrance of the Kent bundle, 
as well as the coexisting intraatrial conduction defect, 





- ALTERNATING WENCKEBACH PERIODS—CASTELLANOS ET AL. 


suggested that the alternating Wenckebach period 
might not have occurred exclusively within the Kent 
bundle. Nevertheless, participation of the Kent bundle 
(at the distal level) could not be excluded. The findings 
in Cases'5 and 6 might explain some of the complex A-V 
conduction patterns that patients with the Wolff-Par- 
kinson-White syndrome can have during episodes of 
atrial flutter.?” That “transverse dissociation” can occur 
with the atria as a proximal level to distally (longitu- 
dinally) dissociated structures is an intriguing possi- . 
bility awaiting further study. 

This knowledge can be of help in understanding the 


- bizarre conduction patterns seen in patients with the 


Wolff-Parkinson-White syndrome, A-V nodal bypass 


‘tracts and dual A-V nodal pathways, when rapid atrial 


stimulation is performed with the purpose of inducing 
atrial flutter or fibrillation in the cardiovascular labo- 
ratory under controlled conditions. 
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Fourteen patients with acute anterior wall myocardial infarction compli- 


_ cated by bifascicular block were studied. In addition to clinical evaluation, 


all patients had continuous Holter monitoring of thelr electrocardiogram 
throughout thelr hospital course. Seven patients died in the hospital 
(hospital mortality rate 50 percent). Five of the seven died with cardio- 
genic shock. In four of these patients the terminal electrocardiographic . 
event was a slow idioventricular rhythm with failure of pacemaker capture 
and in one, ventricular fibrillation. Primary ventricular fibrillation was the 
terminal event In only one patient. The seventh patient died on the 25th 
day with sudden complete heart block. 

Review of the Holter tapes of the 14 patients revealed gpleode of the 
following arrhythmias: complete heart block in three patients (21 percent), 
atrial fibrillation in two, accelerated ventricular rhythm in two, fast ven- 
tricular tachycardla'In two and ventricular fibrillation In one. All patients 
had ventricular premature beats. 

We conclude that the incidence of documented primary complete heart 
block when myocardial. Infarction Is complicated by bifascicular block 


_ is large enough to warrant prophylactic-temporary pacemaker insertion. 


Temporary pacing Is also of value In treating the frequently observed 
ventricular arrhythmias. 


Acute myocardial infarction complicated by bifascicular block is asso- 
ciated with increased mortality.!~ Because progression to complete heart 


‘block and asystole may occur in patients with this condition, many 


workers suggest prophylactic temporary pacemaker insertion. In spite 
of this therapy, the mortality rate remains high because of cardiogenic 
shock and congestive heart failure due to the increased amount of - 
myocardial damage. Primary ventricular irritability is also mentioned - 
as a contributing factor to the increased mortality. 

In this study we examined in detail the spectrum of arrhythmias i in 
patients with acute myocardial infarction complicated by bifascicular 
block by using continuous Holter monitoring throughout the patient’s 
hospital course. It is thought that this prospectively gathered information 
and the exact mechanism of terminal events will be of help in decisions 
concerning temporary and permanent pacemaker insertion. 


Methods 


All 14 patients studied were admitted to a coronary care unit between July 
1, 1975 and December 31, 1976. Criteria for the diagnosis of acute myocardial 
infarction were abnormal Q waves and serial ST-T changes in addition to 
characteristic elevations of serum creatine kinase, lactic acid dehydrogensae and 
transaminase. ` 

Right and left bundle. bronh block were defined according to criteria of the 


_ New York Heart Association,4 which included a QRS duration of 0.12 second 


or more. Patients with right bundle branch block and a Q wave in lead V} were. 
not listed separately. Diagnosis of left anterior hemiblock was based on a mod- 
ification of the criteria of Rosenbaum!® including narrow (less than 0.02 second) 
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Q wave in leads I and aVL and a small R wave in leads IJ and 
aVF with terminal forces directed superiorly and to the left 
with a mean frontal plane QRS axis between —30° and —90°. 
Patients with left axis deviation due to deep Q waves in the 
inferior leads were not included i in ‘the group with left anterior 
hemiblock. 

The conduction defect was related to the acute myocardial 
infarction in all instances since it was not present on admis- 
sion. A temporary prophylactic pacemaker was inserted as 
soon as the conduction defect was noted. The generator was 
set to demand at a rate of 50 beats/min. A temporary pace- 
maker was maintained in position throughout the hospital 
course of all patients except one whose catheter had to be re- 
moved almost immediately because of significant ventricular 
irritability. 

Each patient had continuous 24 hour Holter monitoring 
in addition to standard oscilloscopic monitoring and daily 
electrocardiograms while i in the coronary care unit (Fig. 1 to 
6). The Holter monitor was connected as soon as possible after 
the conduction defect was noted and the tapes were changed 
every 24 hours until the end of the patient’s hospital course. 
Recordings were made on a single channel Avionics model 400 


tape recorder and the tapes were then scanned on an Avionics 


model 650 Cardio Scanner. 
The term complete heart block was used to describe sudden 


failure of a conducted ventricular impulse in a patient who did | 


not have terminal cardiogenic shock. Idioventricular rhythm 
described irregular and gradual slowing ventricular beats that 
occurred during terminal cardiogenic shock. The term pri- 
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mary was used for electrocardiographic events that occurred 
in the absence of cardiogenic shock. i 


Results l 

Mortality: The 14 patients studied were 10 men and 
4 women with an average age of 69 years (Table I). All 
patients had evidence of acute anterior wall myocardial 
infarction (Fig. 1). Bifascicular block was manifest as 
right bundle branch block with left anterior hemiblock 
in 12 patients (Fig. 2) and by alternating right and left 
bundle branch block in 2. Seven patients died in the 
hospital (hospital mortality rate 50 percent). Three of 
the seven died within 24 hours, one at 9 days, one at 13 
days and two on the 25th day. Of the five patients who 
died with cardiogenic shock, four had a terminal slow 
idioventricular rhythm with failure of pacemaker cap- 
ture (electricomechanical dissociation) and one had 
ventricular fibrillation. The sixth patient died of pri- 
mary ventricular fibrillation on the 25th day. This pa- 
tient (Case 5) had transient complete heart block on day 
1 (Fig. 4), and a gradually progressive downhill course 
with multiple episodes of ventricular tachycardia (Fig. 
5), ventricular fibrillation and progressive congestive 
heart failure. The second patient (Case 12) who died on 
the 25th day (Fig. 3).had sudden complete heart block 
and asystole as the terminal event. Although this pa- 


tient had mild congestive heart failure at the beginning 





TABLE l 
Summary of 14 Cases 
Hemo- Temp- Days 
' Conduc- Rhythm dynamic orary on Conduction 
Case Age (yr) tion Compli- Compi- Pace- Holter Defect Terminal 
no. & Sex Defect cations cations maker (no.) Permanent Status Event 
4 ` 60M RBB-LAH + AVR, CHF Yes 21 No Allve 
translent : 
pacing 
day 5 
2 74M RBB-LAH CHF Yes 21 No Allve 
3 76F RBB-LAH AF CHF Yes 21 No Allve 
4 81F RBB-LAH VT Shock (T) Yes 1 Yes Died VF 
' i ‘ j day 1 
5 59F Alt RBB & VT, VF day 1 & CHF No 25 Yes Died VF 1° 
LBB "10, CHB day. 1 ; day 25 
6 83M ARRBB& > : CHF, Yes 9 Yes Died IVR, 
f -LBB f day 9 pacemaker 
on 
7 63M RBB-LAH Shock (T) Yes 1 Yes. Died IVR, 
day 1 pacemaker 
on 
8 72F RBB-LAH AF Shock (M) Yes 1 Yes Died IVR, 
3 , day 1 pacemaker 
on 
9 59M RB-LAH AF, Shock Yes 21 Yes Alive 
i VT day 3 & 
20 i 
10 70M RB-LAH CHF, Yes 13 Yes Died IVR, 
shock (T) day 13 pacemaker 
: l = ` on 
11 64M RBB-LAH AF, AVR, VT CHF, Yes 21 Yes Alive 
12 55M RBB-LAH . CHF . Yes 21 Yes Dled 5 CHB (1°) 
day 
13 81M RBB-LAH SB CHF Yes 16 Yes Alive 
14 67M RBB-LAH CHB day 3 CHF Yes 21 Yes Allve 





ey = atrial fibrillation; Alt = alternating; AVR = accelerated ventricular rhythm; CHB = complete heart block; CHF = congestive heart failure; 


= Idloventricular rhythm; LAH = 
Drdy card. T= 


left anterior hemiblock; LBBB = 





left bundle branch block; RBBB = right bundle branch block; SB = sinus 
terminal; VF = ventricular fibrillation; VT = ventricular tachycardia. 
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FIGURE 1. Case 12. Electrocardiogram on admission. There Is evidence 
of acute anterior wall myocardial Infarction. Bundle branch block is not 
seen. 
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FIGURE 3. Case 12. Holter strips on the 25th hospital day. A, sinus 
rhythm Is present an hour before the patient died. B, high grade atrio- 
ventricular block Is present. C, there ls gradual slowing and widening 
of the atrial complex and slowing of the ventricular rate and finally al- 
most complete absence of ventricular activity. 
























































































































































In addition to evolutionary changes of acute anterlor wall myocardial 
Infarction, complete right bundle branch block and left anterior hemi- 
block are noted. 


of his hospital course, he had been doing well clinically 
and Holter tapes had never shown evidence of prior 
heart block. The temporary pacemaker had been re- 
moved on the 21st day because of the stable hospital 
course and the prior absence of heart block. 

Heart block: Three of the 14 patients (21 percent) 
had complete heart block and 2 of these patients died. 
One patient died of ventricular fibrillation and the other 
of complete heart block after the temporary pacemaker 
had been removed. The third patient survived and 
otherwise had an uneventful hospital course. A per- 
manent pacemaker was advised but refused by the pa- 
tient. A fourth patient had transient pacing at 50 
beats/min on day 5, which may have concealed transient 
heart block. This patient also had an uneventful hos- 
pital course. 






























































FIGURE 4. Case 5. Electrocardiograms from Holter tape 
recorded on the tst hospital day. A and B (continuous), 
sinus rhythm with a ventricular premature systole and an 
episode of ventricular tachycardia. C, recorded 1 hour 
after admission showing an atrial premature systole fol- 
lowed by a period of high grade A-V block. 














FIGURE. 5. Case 5. Holter monitor 
strips recorded on the 10th hospital: 
day. A, B,-C, D (continuous): Sinus 
rhythm is present, with ventricular 
premature systoles and periods of 
ventricular tachycardia and a 

of ventricular fibriflation that ter- 
minates spontaneously. -` 


Of the seven survivors, one (Case 14) had transient . 
complete heart block on day 3 (ventricular rate 54. - 


beats/min) (Fig: 6), and one had transient pacing at 50 
beats/min on day 5. 


Other arrhythmias: Two patients had atrial fibril- sg 
lation, two had accelerated, ventricular rhythm, two had . 


fast ventricular tachycardia and one had ventricular 


' fibrillation. All patients had unifocal ventricular pre- 


mature beats. The incidence of primary arrhythmias 


and their effect on patient survival is shown in Table - 
i En : : 


e Discussion ~ , 
` Incidence of heart block complicating bifasci- 


cular block: Acute myocardial infarction with bifas-. 


cicular block may be complicates by complete heart 



























































































































































FIGURE 6. Case 14. Hotter strips taken on the 3rd hospital day. A, Sinus 
tachycardia with second degree (2:1) A-V block. B and C (continuous), 
ee ee See eee 
‘The ventricular rate Is 54 beats/min. 
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block: which is secondary to septal involvement with 
necrosis'of the bundle branches.® Our incidence rate of 
documented complete heart block was 21 percent (3 of 
14 patients). The one instance of pacing at 50 beats/min 
on day 5 may have concealed transient heart block and 
increased the incidence rate to. 28 percent (4 of 14 pa- 
tients). ` 
- The reported. adeno of progression to heart block 
varies and is probably related -tọ factors stich as type of 
‘population, sample size ahd method of observation. 
Scanlon et al.” noted a 21 percent incidence raté of 
_ progression in a group that included patients with 
bundle branch block before a myocardial infarction..In 
addition, many of their patients were seen before the 
availability of coronary care units and therefore con- 
_tixtuous ‘monitoring was not-available. Godman et al.8 
noted that 6 of 11 patients with right bundle branch 
block and left anterior hemiblock and 2 of 3 patients 
_ with alternating right and left bundle branch block had 
progression to complete heart block. Atkins et al.? noted 
a 43 percent incidence of rate Proe Eon and Waters 


TABLE | eae 


Surimary s of Arrhythmias in 14 Cases sy 
J -- Total ` Patients 
os ae Patients Who Died 
Primary Arrhythmia (no.) {no.) 
Ventricular premature beats ; 14 7 
Ventricular tachycardia ` 4 2 
Complete heart block 3° 2 
Atrial fibrillation å 4' 1 
Ventricular fibrillation ` 2 2 
Accelerated ventricular rhythm 2 0 
1 0 


Sinus bradycardia . 
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and Mizgala10 noted a 56 percent incidence rate of 
progressioh in patients with bifascicular block. 


_ Causes of mortality: The 50 percent mortality rate 


in this series is essentially identical to the 47.percent 
mortality rate in our previous series of similar patients 
observed in 1971 and 1972.1 Both rates are somewhat 


lower than the 63 percent mortality rate of our earlier: 


experience.!* This may be explained by our less ag- 
gressive use of temporary prophylactic pacemakers and 


_ antiarrhythmic medication in that early experience. 


Other mortality rates recorded in similar groups of pa- 
tients range from 36 to 69 percent.7:1018 
The major questions are: What is the specific cause 


of mortality and are any of these causes preventable?, 


Roos and Dunning" noted the frequent occurrence of 
complete heart block and asystole but indicated that no 


' patient died of these complications. However, they 
observed a high mortality rate that was mainly due to . 


cardiogenic shock. Bauer et al./5 also noted that mor- 
tality in their cases resulted mainly from heart failure 
and cardiogenic shock. Col and Weinberg!® noted 11 
deaths in 16 patients; 4 were sudden and 7 due to pro- 


_ gressive pump failure. 


. Ventricular fibrillation has been mentioned as a 
frequent complication in these patients. Waters and 


. Mizgala!© documented ventricular fibrillation in 9 of 27 


`a 


patients and noted that it was often repetitive and fatal 
in'8 of 9. Norris and Croxson!® and: Gould et.al.!7 also 
found ventricular fibrillation to be a significant cause 
of mortality. , l i 

Role of temporary cardiac pacemaker: indica- 
tions: The role of temporary pacemaker insertion must 
then be questioned. If the majority of patients succumb 
to pump failure and only a relatively small percent have 
complete heart block, is temporary pacemaker insertion 





indicated? We continué to believe that insertion is in- 
dicated for two reasons: (1) Complete heart block may 
occur in patients who are otherwise doing well and, in 
these cases, the temporary pacemaker is clearly life- 
saving. (2) Pacemaker insertion can aid in the sup- 
pression and therapy of ventricular arrhythmia. As our 
study indicates, ventricular ectopic beats are universal 
and episodes of ‘ventricular tachycardia and ventricular 
fibrillation ‘are fairly. common. The temporary pace- 
maker is useful in.suppressing ventricular activity by 
overdrive and also allows safer use of large doses of 


' lidocaine in patients with bifascicular and trifascicular 


disease. The danger that lidocaine will precipitate 
complete heart block is small but it may do so in pa- 
tients with trifascicular disease.1819. 

Subgroups of patients with an improved chance of 
survival were identified, as in our previous studies,11.20 


All three patients with transient bundle branch block 


survived and none had cardiogenic shock, ventricular 
tachycardia or ventricular fibrillation. Complete heart 
block was not documented, although one of these pa- 
tients had transient pacing at 50 beats/min, which may 
have indicated transient complete heart block. The 11 
patients with persistent bundle branch block included 
all 7 patients who died and the 3 patients with docu- 
mented complete heart block. 

We conclude that the incidence of documented pri- 
mary complete heart block is large enough to warrant 
prophylactic temporary pacemaker insertion. Tempo- 
rary pacing is also of value in treating the frequently 
observed ventricular arrhythmias. 
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The clinical implications of ventricular premature complexes in patlents 
with coronary heart disease have recelved Increasing Interest. It has been 
suggested that ventricular premature complexes of right ventricular origin 
have more benign implications than. those that originate from the left 
ventricle. To define more precisely the relation between the site of origin 
of ventricular premature complexes and the presence and severity of 
coronary heart disease In patients with.a chest pain syndrome, 39 patients 
with ventricular premature complexes of right or left ventricular contour 
who were undergoing cardiac catheterization and coronary arterlography 
for evaluation of chest discomfort were studied. Ninteen patients had left 
and 17 had right ventricular premature complexes and 3 had both. Of the 
19: with left ventricular premature complexes, 15 had coronary artery 
disease (12 with two or three vessel obstruction and 3 with single vessel 
obstruction). Four had normal cardiac catheterization studies. Twelve 
patlents had asynergy on ventriculography. The 17 patients with right 
ventricular premature complexes had similar angiographic findings. Eleven 
of the 17 had coronary artery disease (8 with triple vessel disease and 
3 with Isolated obstruction of the left anterior descending coronary artery). 
Six had normal arteries. Eight of the 11 with coronary artery disease and 
right ventricular premature complexes also had asynergy. All three pa- 
tients with both left and right ventricular premature complexes had cor- 
onary obstructive disease. These findings Indicate that In patients with 
a chest pain syndrome there Is no relation between the site of orlgin of 
ventricular premature complexes and elther the prevalence or severity 
of coronary artery disease. 


Recognition of the magnitude of the problem of sudden death has fo- 
cused attention on the importance of ventricular premature complexes 
in the setting of coronary artery disease.!? A relatively high risk of 
sudden death has been shown in patients who manifest ventricular 
premature complexes either in the routine electrocardiogram* or with 
more prolonged electrocardiographic monitoring.>” A widespread belief 
has existed that ventricular premature complexes of right ventricular 
contour have more benign implications than those originating from the 
left ventricle.8-10 Thus, Lown et al.!! suggested that the site of origin of 
a ventricular premature complex may provide pertinent information 


` relative to the risk of sudden death. This is consistent with observations 


that in persons with a normal heart nearly all ventricular premature 
complexes arise from the right ventricle.9!° Moreover; when Hiss et al.}2 
examined the relation between age and the site of origin of ventricular 


‘premature complexes, they found that beats of right ventricular origin 
- occurred more frequently than those of left ventricular origin in younger 


patients who presumably had a more normal heart. However, the pro- 
portion of ventricular premature complexes arising from the right ven- 
tricle increased with age whereas the frequency of those from the left 
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ventricle remained unchanged. Thus, the clinical im- 
plications of the site of origin of ventricular premature 
complexes in patients with a history suggestive of cor- 
onary heart disease are unclear.!3 

Scherf and Schott? extensively reviewed the history 
of efforts to determine the site of origin of ventricular 
premature complexes; their study led to the present 
definition of right ventricular and left ventricular origin 
based essentially on the type of bundle branch pattern 
seen in the surface electrocardiogram.*!012,14 Tn ad- 
dition, a recent animal study. involving extensive right 
and left ventricular epicardial pacing?ë and clinical 
experience with endocardial and epicardial pacemak- 
ers/6 have been consistent with this definition. To date, 
however, no data are available that document the site 
of origin of ventricular premature complexes in patients 


with angiographically proved coronary artery disease. _ 


The present study was therefore undertaken to ascer- 


tain the relation between right. and left ventricular - 


premature complexes and coronary heart disease as seen 
on coronary arteriography in patients with a chest pain 
syndrome undergoing cardiac catheterization. 


Methods 


Subjects: The study group consisted of 39 patients who 
presented with a chest pain syndrome and exhibited ven- 
tricular premature complexes at rest or with exercise and who 
underwent evaluation including cardiac catheterization and 
arteriography for coronary artery disease. Patients with car- 
diomyopathy, cardiac valve disease or congenital heart disease 
were excluded. 

Ventricular premature complexes were recorded at rest in 
18 patients, during exercise in 14 and during both rest and 
exercise in 7. Ventricular premature complexes at rest were 
observed in a standard electrocardiogram in leads aVR, Vi, 
Vo or I, Vs and Vz. 

Exercise was performed on a motor-driven treadmill ac- 
cording to the protocol of Bruce et al.1” Disposable electrodes 
were applied to the skin after cleansing with acetone and 
abrasion. A lead V5 placement was selected and displayed on 


~ an oscilloscope as well as inscribed on a standard electrocar- 


diograph at a paper speed of 25 mm/sec. End points of the test 
were angina, disabling fatigue, runs of ventricular premature 
complexes or S-T segment depression of 2 mm or more.!8 After 
completion of the test, the patient reclined on an examining 
table and heart rate and rhythm were recorded for 10 min- 
utes. 

A ventricular premature complex was defined as a pre- 


mature beat with a bizarrely shaped QRS complex that was | 


0.12 second or more in duration and was not preceded by a P 
wave.'4 The site of origin of the complex was determined as 
previously described.44-10.14 A ventricular premature complex 
of left ventricular origin was defined as a QRS complex of right 


TABLE | 


Correlation of Patient Age and Site of Origin of Ventricular 
Premature Complexes 


bundle branch block configuration; namely, upright or large 
terminal R waves in lead aVR or V; and Vz and terminal $ 
waves in lead I, Vs or Vg. A ventricular premature complex of 
right ventricular. origin was diagnosed if the QRS complex 
demonstrated a left bundle branch block configuration: 
namely, R waves in leads I, Vs and Ve and rS or QS complexes 
in leads aVF, V; and Vo. 

Cardiac catheterization procedures: Right heart cath- 
eterization was performed with use of antecubital vein cut- 
down procedures and left heart catheterization percuta- 
neously through a femoral artery. After measurement of left ` 


` ventricular pressure (using a Statham P23Db strain gauge 


transducer) and cardiac output (using the dye-dilution 
method with indocyanine green), left ventriculography was 
performed in the 30° right anterior oblique projection using 
a Viamonte-Hobbs volume injector and interpreted according 
to previously described methods. When asynergy was ob- 
served, nitroglycerin (0.4 mg sublingually) was administered 
15 to 20 minutes after the initial ventriculogram.!9 When the 
characteristic hemodynamic effects of nitroglycerin were 
observed (decrease in systolic and end-diastolic pressures arid 
increase in heart rate), the ventriculogram was repeated.!9 
Coronary arteriography was performed using either the Sones 
or Judkins technique. 

-À left ventricular end-diastolic pressure of 12 mm He or less 
was considered normal. Ventriculograms were analyzed with 
respect to the location and severity of asynergy. In brief, the 
anterior, apical and inferior segments were classified as being 
normal or demonstrating asynergy. Asynergy was further 
classified according to the severity of the asynergy. Thus, 
hypokinesia defined decreased contraction (less than 25 
percent hemiaxis shortening); akinesia, the absence of con- 
traction (0 to 5 percent hemiaxis shortening) and dyskinesia, 
paradoxical systolic expansion (hemiaxis lengthening). An 
asynergic segment was considered to have improved after 
administration of nitroglycerin when hemiaxis shortening 
increased by more than 10 percent. 1-21 Significant coronary 
arterial obstruction was taken as 75 percent or more stenosis 
of the luminal diameter of one or more of the three major 
coronary arteries, that is, the right coronary, the left anterior 
descending or the left circumflex artery. 
























































































































































Age (yr) 

Site of Origin 30-34 35-39 40-49 50-59 60+ ~ 
Left ventricle 0 “2 5 6 6 
Right ventricle 1 3 2 9 2 
Both ventricles 0 0 2 :1 0 









































_ FIGURE 1. Ventricular premeltira cömplèxes with a loft ventricular 3 


pattern (right bundle branch block configuration) from a patient with both 
left anterior descending and right coronary artery disease. 
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TABLE it 


. Site of Origin of Ventricular Premature Complis and” = 
Coronary Anaye Disease 








Coronary Arterles Obstructed 
({no.) 
Site of Origin OP a eS 
Left ventricle 4 3 7 5. 
Right ventricle 6 3 0 8 
Both ventricles 0 Ses | 2 





The site of origin of ventricular premature complexes was 
then correlated: (1) with the presence and extent of coronary 
artery disease; (2) with the presence, location and reversibility 


of asynergy; and (3) with the method of demonstrating the site 


of origin of ventricular premature complexes, that is, at rest 
or during exercise, or both. - 
i Results 


The 39 patients (28 men and 11 women) ranged in age 
from 31 to 70 years (Table I). No relation could be 
demonstrated between the site of origin of ventricular 


premature complexes and patient age or electrocar-: 


“diographic evidence of myocardial infarction or con- 
gestive heart failure. 


Ventricular Premature Complexes of Left 
Ventricular Origin 


Coronary. arteriography: Nineteen patients had — 


ventricular premature complexes arising from the left 
ventricle (Fig. 1). Four had normal coronary arteries and 
15 had significant obstructive lesions (Table II). Three 
patients demonstrated single vessel disease, two an 
isolated lesion of the left anterior descending coronary 
artery and one obstruction of the right coronary artery. 
The remaining 12 patients had severe two or three vessel 
disease. 








oie 2. Ventricular Soner beats with a right ventricular pattern | 


(left bundle branch block configuration) from a patlent with significant 
obstruction of the left main, left anterior descending.and right coronary 
arteries and both inferior and anterior wali asynergy. 


1 
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TABLE M 


” Site of Origin of Ventricular Premature Complexes and 
Asmer 











D ; nya 
Site of f Origin None Anterior/Apical inferior . Both 
~ Left ventricle. 3 es 2 3 
Right ventricle 3 o 1 .2 
Both ventricles 0 1 4d 1 








Ventriculography: Twelve of the 19 patients had: 


- segmental asynergy—anterior or apical, or both, in 7, 
- inferior in 2 and both anterior and inferior.in 3 (Table 


MI). Six of the asynergic segments were hypokinetic and 
15 were akinetic or dyskinetic. Improvement after ad- 
ministration of nitroglycerin occurred in two anterior 
segments. The left ventricular end-diastolic pressure 
was greater than 12 mm Hg in 11 of 19 patients (mean 
15.0 + 1.7 mm Hg). ` 


Ventricular Premature eee ee of Right 
Ventricular Origin 


Coronary arteriography: There were 17 patients 
with right ventricular premature complexes (Fig. 2). 
Eleven had coronary artery disease (Table II), three 
with single vessel diseasé involving the left anterior 
descending coronary artery and eight with severe three 
vessel disease. 

Ventriculography: Eight of the 11 patients with 

coronary artery disease demonstrated asynergy—an- 
terior or apical or both, in 5, inferior in 1 and both an- 
terior and inferior in 2. Four of the asynergic segments 
were hypokinetic and six akinetic or dyskinetic. Ad- 
ministration of nitroglycerin improved contraction of 


- three anterior asynergic segments. Four patients had 


a left ventricular end-diastolic pressure of 12 mm Hg or 
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_ - FIGURE 3. During maximal exercise and immediately after, venitelculér 
. premature complexes with both a left ventricular pattem (open asterisk) ° 


and a right ventricular pattern (solid asterisk) appear In a patient with 
severe three vessel coronary artery disease and inferior wall asyner- 
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FIGURE 4. Both at rest (baseline) and 1 minute after exercise, ven- 


tricular premature complexes with a right ventricular pattern are seen 
in a patient with normal coronary arterles. 





more (mean 10.1 + 1.5 mm Hg). This value was not 
significantly different from the value in patients with 
ventricular premature complexes of left ventricular 
origin. Similarly, stroke index was not significantly 
different between the two groups. 


‘Ventricular premature complexes of both left ` 


and right ventricular origin: Of the three patients 
with this finding, two had three vessel disease and one 
had two vessel disease (Fig. 3). One had anterior and one 
inferior wall asynergy; one had involvement of both 
areas, 

Correlation of rest and exercise ventricular 
premature complexes: There was no predominance 
of right or left ventricular premature complexes ac- 
cording to whether they were observed at, rest or in 
relation to exercise (Table IV). Seven patients demon- 
strated ventricular premature complexes of a similar 
origin both at rest and with exercise (Fig. 4). 


Discussion 


In view of the increasing attention given to ventricular 
ectopic activity in patients with coronary artery disease, 
considerable interest has focused on those character- 
istics of the ventricular premature complex that would 
discriminate between their potentially malignant or 
more benign nature. Studies to date have suggested that 


TABLE IV 


Correlation of Ventricular Premature Complexes at Rest 
and With Exercise 











Site of Origin 
Patlents Left Right Both 
State (no.) Ventricle Ventricle Ventricles 
Rest only 18 10 6 2 
Exercise only 14 8 8 0 
Rest and exercise 7 1 5 i 
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both greater frequency and prematurity are associated 
with a worse prognosis.!-!! However, other proposed 
indexes, such as the cause and effect relation of ven- 
tricular premature complexes to exercise, have not 
proved of discriminatory value.}8:22 

Our results do not support the concept that the site 
of origin of ventricular premature complexes as such is 
of discriminant value in patients with angiographically 
documented coronary artery disease. Fully 65 percent 
of our patients with ventricular premature complexes 
of a right ventricular contour had coronary artery dis- 
ease. Conversely, of 29 patients with coronary artery 
disease, 38 percent had ventricular premature com- 
plexes of a right ventricular contour. Thus, patients with 
ventricular premature complexes with this configura- 
tion frequently have associated coronary artery dis- 
ease. 

Relation to ventricular tachycardia or fibrilla- 
tion: The potential of these complexes for degeneration 
to ventricular tachycardia or fibrillation is of interest. 
Cohen et al.?3 showed that, in patients with acute 
myocardial infarction, right ventricular premature beats 
could degenerate to ventricular tachycardia and require 
therapy. Moreover, the Coronary Drug Project* dem- 
onstrated that the incidence of sudden death was similar 
in patients with right and left ventricular premature 
complexes, further demonstrating the potential seri- 
ousness of the former. In our study, premature beats 
were frequently recorded at rest during a single elec- 
trocardiogram, suggesting that the patients did indeed 
have frequent ventricular premature complexes. To 
date, studies have shown that the association between 
sudden death (presumably ventricular fibrillation) and 
ventricular premature complexes relates to the number 
of ventricular premature complexes*® and not to their 
complexity (multiform beats or salvos). A possible ex- 
planation of this seeming anomaly was recently reported 
by Calvert et al.,24 who demonstrated that 93 percent 
of all patients with more serious grades of arrhythmia 
had frequent ventricular premature complexes. Thus, 
the detection of such complexes in a standard electro- 
cardiogram, implying a high frequentcy, can be taken as 
evidence of a potentially poor prognosis. Moreover, the 
frequent presence of multivessel obstructive lesions and 
ventricular asynergy further adds to the potential ma- 
lignant nature of ventricular premature complexes of 
right ventricular origin. 

Relation to coronary artery disease and ven- 
tricular asynergy: Although to date the precise 
mechanism is not entirely clear, both experimental”5:26 
and clinical?’ studies have shown that, after coronary 
occlusion, the resultant changes in the affected area 
produce ventricular arrhythmias that originate from it. 
These observations are consistent with the findings that 
patients with coronary artery disease and asynergy are 
most prone to ventricular premature complexes.”4:27 
Thus, a link appears to exist between premature ven- 
tricular complexes, coronary artery disease and resul- 
tant ventricular contraction abnormalities. 

Our study provides support for the association be- 
tween coronary artery disease, asynergy and left ven- 
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tricular premature complexes. Of 19 patients, 79 percent 


had coronary artery disease and 63 percent had asyn- 
ergy. Ventricular premature complexes of a right ven- 
tricular contour in patients with coronary artery disease 
might be explained by demonstrating abnormalities of 
the right ventricle, particularly if right coronary or left 
circumflex artery disease.is present.22 However, this 
postulation would not explain the apparent right ven- 
tricular configuration in the three pationts in our study 
with isolated obstruction of the left anterior descending 
coronary artery (Table II). | 

` Other factors determining the configuration of 
ventricular premature beats: The proximity of the 
major spécialized conduction system in the interven- 
tricular septum raises the possibility that an impulse 
originating on one side of the spectrum might be vari- 
ably propagated, resulting in a QRS contour dependent 
on such factors as proximity to Poa tissue, local 


ischemia with unilateral block and micro-reentrant 
pathways.”99 Another explanation is based on. studies 
by Sodi-Pallares and Calder*! showing that. Purkinje 
fibers penetrate the interventricular septum for a con- 
siderable distance from. the left ventricle toward the 
right veritricle. Thus, an impulse.originating from the 
left ventricular portion of the septum could depolarize 
the right ventricle first and simulate a left. ventricular 
origin or vice versa. These hypotheses would explain the 
observations in the three patients with ventricular 
premature complexes of right ventricular contour and 
isolated disease of the left anterior descending coronary 
artery because the septum receives its major source of 
blood supply from this coronary vessel. These factors 


‘point out the difficulties in determining precisely the 


site of origin of ventricular premature complexes on the 
basis of the bundle branch pattern seen in the surface 
electrocardiogram. 
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Two studies were performed to evehidie the risks sand benefits of poat 
operative cardlac catheterization in patients with a ball valve prosthesis. 
In Study 1, 106 consecutive catheterization procedures In 100 patients 
were retrospectively evaluated. There were no deaths, myocardial In- ° 


farctions or infective endocarditis. Flve patients who were In extremis 


were studied without complication. Major complications (occurring In 8.5 
percent) included excessive bleeding (four patients), cerebral emboil (two 
patients), ventricular fibrillation (one patient) and other (two patients). 
The major complication rate for patients with transthoracic left ventricular 


‘puncture with ventriculography was 24 percent (4 of 17) and for pationts 


with therapeutic anticoagulation 18 percent (6 of 34). Significant ab- 
normalities were detected In 55 percent of all catheterizatlons. The in- 
cidence rate of significant abnormalitles was 75 percent (47 of 63) when 
clinical-hemodynamic deterioration was an indication for catheterization 
and 19 percent (8 of 43) when It was not. The incidence rate of reoperation 
for all patients was 34 percent, 51 percent (32 of 63) In those with clini- 
cal-hemodynamic deterioration and 9 percent (4 of 43) In others. In Study 
2, 45 patients with a reduced level of-anticoagulation were evaluated 
prospectively to assess whether such reduction would ellminate most ` 
complications. One patient was In extremls at the time of study. There 
were no complications In these 45 patients. 

We conclude the following: (1) Therapeutic anticoagulation is asso- 
clated with increased risk from cardlac catheterization. In patients with 
a less than therapeutic level of anticoagulation; cardlac catheterization 
can be performed. at low tisk. (2) Patients with a ball valve prosthesis who 
manifest clinical-hemodynamic deterioration should undergo postoper- 
ative cardlac catheterization because of the high Incidence rate of cor- 
rectable abnormallties in these patients. 


Valve replacement in the disabled patient usually results in symptomatic 
and hemodynamic improvement.!* However, some patients have no 
improvement; their condition deteriorates or new symptoms develop. 
In these patients cardiac catheterization has been a necessary tool in 
further management.’!! Because catheterization performed postop- 
eratively requires different techniques from studies performed preop- 
eratively, we analyzed retrospectively the complication rate and benefits 
for 106 studies in 100 patients who had valve replacement with a ball 
valve prosthesis (Study 1). The results suggested that use of therapeutic 
anticoagulation or transthoracic left ventricular puncture with angiog- 


. raphy, or both, was a major determinant of the increased incidence of 


complications; to differentiate between these two risks, we therefore 
performed Study 2, a prospective study utilizing graded levels of anti- 
coagulation. 
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Methods 
Study 1 


The hospital records and catheterization reports were re- 
viewed of 106 consecutive postoperative cardiac catheteriza- 
tions performed between July 1973 and July 1975 in 100 pa- 
tients with one or more ball valve prostheses. All catheter- 
izations were performed in the University of Oregon Health 
Sciences Center Catheterization Laboratory. The presence 
of major complications, as defined in the Cooperative Study 
on Cardiac Catheterization,!” was determined by analysis of 
the procedure note and the hospital record. Particular at- 
tention was paid to the detection of catheterization-related 
complications during subsequent follow-up visits. The pa- 
tients’ age, sex, clinical functional class (New York Heart 
Association criteria!’) and the interval after valve replacement 
were noted. The type and number of prostheses, presence of 
coronary artery disease and saphenous vein aortocoronary 
bypass grafts were taken from the hospital record. The serum 
potassium and hematocrit levels were recorded from the day 
preceding or the day of catheterization. 

Assessment of anticoagulation: The level of anticoagu- 
lation was determined from the prothrombin time in most 
patients and from the prothrombin-proconvertin test in 
others. Anticoagulation is probably best judged by the latter 
test, the therapeutic level being 10 to 20 percent.13-14 In our 
laboratory, a prothrombin-proconvertin level of 10 to 20 
percent is equivalent to a prothrombin time of 15 to 20 seconds 
(control value is usually 8 to 9 seconds). This is equivalent to 
ratios of patient’s prothrombin time to control value of 1.7:2.2 
and is within the usual recommended levels.'+-16 Because the 
prothrombin time is dependent on the thromboplastin used,!6 
it varies from’ one laboratory to another; therapeutic levels in 
our laboratory were 15 to 20 seconds for prothrombin time and 
10 to 20 percent for the prothrombin-proconvertin test. The 
level of anticoagulation was recorded as Jess than therapeutic, 
therapeutic or more than therapeutic. 

Cardiac catheterization procedure: Patients were not 
given antibiotic prophylaxis. The types of procedures per- 
formed were taken from the procedure notes. Right and left 


heart catheterization was performed as previously described. 


Short polyethylene catheters were inserted in the brachial 
artery for arterial sampling. Access to the left ventricle in 
patients with aortic and mitral prostheses, or an aortic pros- 
thesis and impassable mitral valve, was gained by transtho- 
racic left ventricular puncture with an 18 gauge thin-wall 
needle, with side but no end holes, through which pressure was 
measured and contrast medium injected for left ventriculog- 
raphy. Coronary angiography was performed with the Judkins 
technique! in patients in whom it was clinically indicated. 
Most of the patients—that is, all those who were 40 or more 
years old—had had coronary arferiogramis performed before 
valve replacement. 


Indications for postoperative catheterization; Each 


patient was seen by the fellow in cardiology and the staff 
cardiologist on the day preceding the catheterization. The 
staff cardiologist personally performed the procedure or su- 
pervised that performed by the fellow. Indications for cathe- 
terization were obtained from the precatheterization note of 
those performing the catheterization procedure. Patients 
studied because of “clinical-hemodynamic deterioration” had 
symptoms or signs of congestive heart failure or of obstruction 
of the prothesis. Those undergoing “routine hemodynamic 
evaluation” were studied electively for investigative purposes 
only. Emboli constituted an indication for study when a pa- 
tient was noted to have signs or symptoms compatible with 
arterial embolization. 
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TABLE | 


Guldelines for Prothrombin Time 





Prothrombin Time 





(seconds) 
Right heart catheterization <16 
Left heart catheterization 
Retrograde arterlal - i <16 
Transsepta! a i #13 
Left ventricular puncture <13 
with angiography 








Significant abnormalities detected by catheterization: 
Data on these were obtained from the catheterization report. 
For this study left ventricular dysfunction was considered 
present when the left ventricular ejection fraction, determined 
from ventriculography, was 0.45 or less. Although the normal 
values for ejection fraction are 0.54 or more,!® severe hemo- 
dynamic deterioration is unlikely to be the result of isolated 
left ventricular dysfunction when the ejection fraction is 0.46 
to 0.53. For this study a prosthesis was considered obstructive 
if the prosthetic aortic valve area was less than 1 cm? or the 
prosthetic mitral or tricuspid area was less than 1.5 cm?. Sig- 
nificant prosthetic valve or perivalve leak was noted when 
moderate to severe regurgitation was demonstrated with an- 
giography. A recommendation for reoperation was noted when 
the cardiology and cardiopulmonary surgery groups both 
agreed that surgery was indicated. The means of continuous 
variables were compared using the t test. Differences between 
proportions were assessed with the chi square or Fisher’s exact 
test. A P value of 0.05 or less was considered significant. 


Study 2 


A prospective study was initiated in October 1975 to eval- 
uate the effect of reduced levels of anticoagulation on the 
complication rate. The control prothrombin time in our lab- 
oratory is 8 to 9 seconds. The guidelines followed for pro- 
thrombin times are shown in Table I. 

Results of postoperative cardiac catheterization procedures 
in all 45 patients with valve replacement who were studied 
from October 1975 through November 1976 are presented. 


Results 
Study 1 


The average age of the patients ‘studied was. 51 years; there 
were 49 men and 51 women. The studies were performed an 
average of 40 months (range 5 to 120 months) after operation. 
Clinical functional class (New York Heart Association criteria) 
at.the time of study averaged 2.5 (range I to IV). The average 
serum potassium (4.3 mEg/liter) and hematocrit (39 percent) 
levels were normal. Anticoagulation was less than therapeutic 
for 63 percent, therapeutic for 32 percent and greater than 





TABLE Il 
Site of Vaive Prosthesis 
Study 1 S 2 

(%) (%) 
Aortic 45 47 
- Mitral | 35 31 
Aortic + mitral 13 11 
‘Mitral + tricuspid 5 7 
Aortic + mitral + tricuspid 2 2 
Aortic + tricuspid 0 2 
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TABLE Ili 
Cardlac Catheterization Procedures Patanen 


Study 1 
no. - 








Transseptal left heart 91 86 38 84 
Brachial arterial puncture 84 76 25 56 
Right heat 7 73 42 93 
Percutaneous femoral retrograde aortic 77 73 42 93 
Exercise (supine bicycle) 44 42° 19 42 


` Transthoracic left ventricular puncture 17 16. 5 11 

$ with ventriculography f ; i 
Coronary ahglography o a) 3 7 
His bundle electrocardiography — —. 3 7 





` therapeutic for 5 percent of catheterizations. Forty-two per- 
cent of patients had normal coronary arteries: 19 percent had 
` significant coronary disease (50 percent or more‘reduction of . 
. luminal diameter in at least one major coronary artery), and 
- half of these had prior aortocoronary saphenous vein bypass 
grafting; 39 percent had no coronary arteriographic studies. 
The locations of the prostheses are listed in Table II. 
The procedures performed at catheterization and their 
frequencies are listed in Table HI. Transthoracic left ven- 
tricular puncture with ventriculography was performed in 17 


|: patients. Fifteen of the 17 had mitral and aortic valve pros- 
. theses. Two patients had only an aortic prosthesis, but in one 


the mitral valve could not be crossed because of mitral stenosis 
- and in the other a scar in the right groin made transseptal 
catheterization impossible thus requiring transthoracic left 
ventricular puncture. ; 
Complications: No patient died or Skad a myocardial 
infarction. Endocarditis did not occur. Five patients in 
` extremis were studied without complications. Nine . 
patients had major complications related to cardiac 
, catheterization for an overall complication rate of 8.5. 
percent (Table IV). Only one patient had a permanent 
(but mild) disability. This resulted from median nerve 


TABLE IV 
Complications of Cardlac Catheterization in 


| Studies 1 and 2 














Complications no. 
. Study 1 (106 procedures)" 
Death None 
ocardial infarction None 
infective endocarditis None 
Other complications Noe a a i 
Excessive bleed] i 4 
(hemothorax [2 [2], hematoma [1], 
brachial arterial pseudoaneurysm [1]) 
Cerebral emboll 2 
(transient neurologic deficits) i 
Ventricular fibrillation ` zi 
Hypotension E 
Hematuria , 1 
; (2° to bladder puncture) 5 Kos 
f Total . : 9 (8.5%) 
Study 2 (45 procedures)* : 
All complications ` None. 


* Five patients in Study 1 and one In Study 2 were In extremis at the 
time of study. There were no complications In these six patients. ` 
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palsy secondary to a brachial arterial pseudoaneurysm 
after brachial arterial puncture. This was the only 
complication seen after the patients were discharged 
from the hospital.* 

Risk factors for complications: Possible factors 
that might adversely affect a patient’s chance for com- 


_ plication were evaluated. There was no difference in age, 


interval after operation, functional class, serum potas- 
sium or hematocrit between patients with or without 
complications. Complication rates with respect.to an- 
ticoagulation, coronary artery disease and saphenous 
vein bypass graft and single or multiple valves are shown 
in Figure 1. The complication rate was significantly 
higher for procedures performed in patients with 
therapeutic or greater levels of anticoagulation than for 
those in patients without this risk factor. 

Complication rates with respect to the catheterization 
procedures used are shown in Figure 2. Transseptal left. 
heart, brachial arterial, right heart and retrograde - 
femoral catheterization, as well as exercise, were not 
associated with an increased risk of complications. 
However, transthoracic left ventricular puncture with 
ventriculography was associated with a 24 percent (4 of 
17) complication rate, a rate significantly higher than 
for other procedures. The four complications included 
hemothorax in two and transient hemiparesis in two. 
The complication rate for catheterizations without 
therapeutic anticoagulation or with transthoracic left 
ventricular puncture with ventriculography was only 
2 percent (1- of 60). This lone complication was yen- 
tricular fibrillation during coronary angiography. The | 
patient underwent successful defibrillation without 
sequelae. 

- Benefits of the procedure: The Bakoi for 
postoperative cardiac catheterization are shown in 
Table V. Patients undergoing routine hemodynamic 
evaluation were an exclusive group, but other indica- 


T tions occurred singly or in combinations. The most 





* A brief.clinical summary of each patient with amajor complication 
can be supplied by the authors on request. f 














% Complication Rate. 





. PATIENT CHARACTERISTICS 


FIGURE 1.- Complication rate of postoperative cardiac catheterization 
as a function of anticoagulation, number of prostheses and coronary 
artery disease. CAD = coronary artery disease; NS = not significant; 
P = probability; SVBG = saphenous veln bypass graft; T = therapeutic 





_ level. 
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TYPE OF PROCEDURE 





FIGURE 2.: Complicatlon rate of postoperative cardlac catheterization 


as a function of the procedure performed. Brac. Art. = brachial artertal 
puncture; LV Punc. = left ventricular puncture; P = robability; Percut. 
F. Retro = percutaneous femoral retrograde catheterization; Rt. Ht. = 
right heart. 


common reason for study was clinical-hemodynamic 
deterioration. Clinically significant abnormalities de- 
tected at postoperative cardiac catheterization are 
shown in Table VI. Over half of the studies revealed a 
significant abnormality. Reoperation was recommended 
after 34 percent of the postoperative cardiac catheter- 
izations, 27 percent to repair or replace the prosthesis 
and 7 percent to correct another lesion. 

The indication for postoperative cardiac catheter- 
ization was then examined as a possible sign of signifi- 
cant abnormality or recommendation for reoperation. 


Figure 3 shows the percent of catheterizations detecting - 


significant abnormality as a function of the indication 
for the procedure. All categories are exclusive. Cardiac 
‘catheterizations in patients with clinical-hemodynamic 
deterioration revealed a significant abnormality in 75 
percent (47 of 63) of the studies. Conversely, a signifi- 


cant abnormality was found in only 24 percent (5 of 21) - 


of the studies performed for routine hemodynamic 
evaluation and in 8 percent (1 of 12) of those performed 


for emboli alone. Eleven of the 12 patients with emboli 


alone were on a regimen of long-term anticoagulation 
with sodium warfarin. Figure 4 shows the percent of 
postoperative cardiac catheterizations resulting in 
recommendations for reoperation as a function of the 
indication for the procedure. Reoperation was recom- 


mended after 51 percent (32 of 63) of the studies in . 


t 


TABLE V 


Study 1: Indications for Postoperative Cardiac 
Catheterization 


Catheterize- 


. tlons 
(%) 


Ciinical-hamodynamie deterioration , i 59 
mboll 

onee hemodynamic evaluation 20 - 

Hemolysis ` 12. 

Endocarditis : 2 


Other 
(dizzy spelis [2], no poppet sounds ee by 
patient [1], mitral rumble [1]) . 
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TABLE VI ‘oo : 
Study 1: Incidence of Detection of Significant Abnormality 











Catheterizations 
Obstructive prosthesis 25 
i (AVA <1.0 cm?. oy 

MVA, TVA <1.5 cm?) n 
Left ventricular dysfunction : 18 

(EF 5.45) 
Prosthetic leak (moderate to savere) -10 
Nonprosthetic valve lesion *9 

Total ` 55* 








* Some patients had more than one abnormality. AVA, MVA, TVA 
= aortic, mitral and tricuspid valve areas, respectively; EF = ejection 
fraction. . 


which clinical-hemodynamic deterioration was an in- 
dication for study. Only 5 percent (1 of 21) of routine 
studies and 8 percent (1 of 12) of studies for emboli 
alone in patients receiving anticoagulant therapy were 
followed by reoperation. 


Study 2 


Twenty-six patients in Study 2 were men and 19 were 
women. Their ages averaged 53 years. The location of 
the prosthesis and the procedures performed at cathe- 
terization and their frequencies (Table II) were not 
significantly different from those in Study 1. The ma- 
jority of these patients underwent diagnostic studies for 


% Significant 
Abnormality 





aN YES 
ER NO 
INDICATIONS FOR PROCEDURE 


FIGURE 3. Relation of indication for procedure to en of élinialy 
significant abnormality detected at postoperative catheterization. P = 
probability. . 
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‘FIGURE 4, Relation of chance of reoperation to Indications for post- 
operative catheterization. P = probability. 
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clini¢al-hemodynamic deterioration. One patient was 

in extremis at the time of study. ` 
There were no complications in these 45 patients 

(Table IV). 


Discussion x 


There are many important reasons why a ball valve 
prosthesis should not be crossed with a cardiac catheter 
when cardiac and prosthesis function are þeing evalu- 
ated. A cardiac catheter of adequate size that crosses a 
ball valve prosthesis produces acute prosthetic mal- 
function by making the device incompetent and by 
obstructing it. The acute valve regurgitation produced 
in this manner will increase the subsequent flow across 
the valve and therefore falsely increase the recorded 
gradient. Left ventricular function that is so-evaluated 
`- will also not be basal. If the acute malfunction of aortic 
or mitral prosthesis, or both, is severe, acute pulmonary 
edema may be produced. There is a possibility that clots 
may be dislodged from the prosthesis by the catheter.’ 
Postoperative studies in these patients involve use of 
procedures not usually used preoperatively and thus the 


risks and benefits need to be systematically analyzed. . 


Risk factors for complications: In the 151 proce- 
dures performed (Studies 1 and 2) there were no deaths, 
myocardial infarctions or episodes of infective endo- 
carditis. Six patients in extremis were studied without 
complication. The complication rate in Study 1 was 

‘higher (8.5 percent) than that reported for all patients 
by the Cooperative Study (3.6 percent)! (of which this - 
institution was a participant). Certain groups of patients 
were at greater risk for complication: (1) those with a’ 


therapeutic or higher level of anticoagulation, (2) those . 


with multiple prostheses, and (3) those undergoing: 
transthoracic left ventricular puncture with ventricu- 
lography. In general, patients with multiple prostheses. 
(mitral and aortic) underwent transthoracic left ven- 
tricular puncture with ventriculography and therefore, 
these latter two risks may be the same. The two in- 
stances of hemothorax were at least in part attributable 
to transthoracic puncture. It has been pointed out that. - 
in patients not operated on complications from trans- 
thoracic puncture of the heart or great vessels are re- 
lated to the size of the needle used.2? When a small 
needle was. used for left ventricular puncture, the. 
‘complication rate was 0.6 percent.?!:22 However, use of 
a larger needle resulted in significant complications in 
more than 14 percent of the cases and a mortality rate 
of 5.5 percent.23 However, the risks in postoperative 
patients are less well known. In our patients, transtho- 
racic left ventricular puncture was performed with a 
large needle (18 g) in order to obtain a left ventriculo- 
gram, and 14 of the 17 patients undergoing this proce- 
dure were receiving sodium warfarin. Although the 
complication rate was high, 88 percent of our cases of 
transthoracic left ventricular puncture with ventric- 
ulography in anticoagulated patients were without 
bleeding complication, probably because of the post- 
operative state that resulted in an adherent pericar- 
dium. i 
Indications for transthoracic left ventricular 
’ puncture with ventriculography: It is important to 





review the reasons for performing this procedure in 
patients with both aortic and mitral valve prostheses: 
(1) left ventricular angiography allows evaluation of 
prosthetic mitral regurgitation which, even if significant, 
can be easily missed clinically in these postoperative 
patients; (2) measurement of left ventricular pressure | 
is essential for precise evaluation of mitral and aortic 


valve areas; and (3) left ventricular angiography is es- 


sential for adequate evaluation of left ventricular, 
function. Left ventricular angiograms may be indirectly 
obtained from aortography only if severe prosthetic 
aortic regurgitation is present or from left atrial injec- 
tion of contrast medium. Evaluation of mitral regurgi- 
tation is difficult from aortography and impossible from _ 
left atrial injection. Also, often the degree of left ven- 
tricular opacification obtained with these indirect 
means is not satisfactory, particularly if the left ventricle 
is enlarged and especially if the ejection fraction is also 
reduced. In patients with these latter findings angio- 
graphic assessment of left ventricular function is often 
of critical value. In our experience transthoracic left 
ventricular puncture with an 18 g thin wall needle pro- . 
duces satisfactory left venticular angiograms. 
Role of anticoagulation in producing complica- - 
tions: The anticipated possible undesired effects of 
reducing anticoagulation for postoperative studies in- 
clude difficulty in reinstituting anticoagulation in some 
patients, emboli and thrombotic prosthetic occlusion. 
Therefore, we have performed postoperative studies in 


‘patients without stopping anticoagulation. 24 In Study 


1, four patients had excessive bleeding, and three of the 
four were receiving therapeutic doses of anticoagulant 


drugs. A previous report from this institution% on’ 


catheterization during sodium warfarin therapy re- ' 
vealed excessive bleeding in 1 of 42 retrograde cathe- 
terizations and 1 of 8 transthoracic left ventricular 
punctures, a bleeding complication rate not dissimilar 
from that of the present series. We could not assess the 
precise role of anticoagulation in producing complica- 
tions in this group (Study 1) because of overlapping risk 
factors. For these reasons, we prospectively evaluated 
(Study 2) the incidence of bleeding complications in 
postoperative patients by requiring that patients 
undergoing transseptal or transthoracic left heart 
catheterization have a less than therapeutic level of 
anticoagulation (see Methods). There were no compli- 
cations in these 45 patients, a finding suggesting that 
anticoagulation was the major cause of the complica- 


- tions seen in postoperative patients undergoing cardiac _ 


catheterization (Study 1). The possible undesirable 
effects of reducing the level of anticoagulation were not 
seen. Study 2 also demonstrated that patients can be 
studied at very low risk with graded reduced levels of 
anticoagulation and without normal prothrombin 
times. 

Identification of abnormalities amenable to re- 


‘operation: A striking number of significant abnor- 


malities amenable to surgical correction were identified | 
in patients with one or more ball valve prostheses. This 
was particularly true for patients who had clinical- 
hemodynamic deterioration. Whether reoperation was . 
truly beneficial will require careful follow-up. However, 
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there is no doubt that valve replacement in many pa- 
tients with thrombotic prosthetic occlusion was life- 
saving. !© 


Implications of study: The risks of postoperative l 


cardiac catheterization in patients with a ball valve 


prosthesis were associated with transthoracic left ven- ` 


ticular puncture with ventriculography and therapeutic 
anticoagulation. The risks can be greatly reduced or 


eliminated by a graded reduction of anticoagulation. We 


believe that the benefits of cardiac catheterization in 
patients with clinical-hemodynamic deterioration 





CATHETERIZATION AFTER BALL VALVE REPLACEMENT—MORTON ET AL. 


outweigh the risks. In addition, patients with a relatively 
low risk for complications can be identified by excluding 
patients with multiple prostheses or therapeutic or 
higher levels of anticoagulation and those requiring 
transthoracic left ventricular puncture with ventricu- 
lography. This low risk group provides a population base 
from which information can be obtained about pros- 
thetic valves and cardiac function in the postoperative 
patient. Such studies have been of great benefit in 
guiding subsequent prosthetic design, and in under- 
standing'the consequences of cardiac valve disease. 
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A Clinicopathologic Study of 59 Patients TE 


Clinical and morphologic observations are described In 59 patlents who 


had a history of active left-sided infective endocarditis that had been 
eradicated by antlblotic therapy. Of the 59 patients, 42 were from.a group 
of 584 necropsy patlents with fatal cardiac valve disease of various types; 
the remaining 17 were from a group.of 79 patients who had undergone 


mitral or aortic valve replacement, or both, because of severe mitral or- 
- aortic regurgitation, or both. Examinatlon of the heart at necropsy (42 
` patients) or at valve replacement (17 patients) disclosed that 30 (51 


percent) had anatomic lesions that could readily be attributed to’ the active 
infective endocarditis that healed: cuspal perforations in 16 ‘patients, 


` rupture of chordae tendineae In 15 and aneurysms at or near the Involved 


valve in 3. Unequivocal residua of the valve Infection were more common 
in the purely incompetent than In the stenotic cardiac valves. Comparison 


of observations In the 42 necropsy patients with healed left-sided Infective | 


endocarditis with observations previously reported in 74 necropsy patients 
with active left-sided Infective endocarditis showed that among the pa- 
tlents with healed endocarditis the infection more commonly involved.a 


-previously abnormal valve, the causative organism was more likely to ` 


be alpha streptococcus and recognized predisposing factors (oplate 


-~ addiction, alcoholism, immunodeficiencies, operative procedures) were 


less frequent. ie Tis 


Although there are many reports describing various morphologic ob- 
servations in patients with active infective endocarditis, reports de- 
scribing cardiac morphologic changes i in patients with healed infective 


` endocarditis are rare. One reason is that healing of active infective en- 


docarditis became possible, for practical purposes,!? only in 1944; when 


penicillin began to be used for this condition. Although antibiotic agents 
often “cure” patients with active infective endocarditis, residual valve. 
- damage obviously may be a consequence of the infection. This report 
describes certain clinical and morphologic observations in 59 patients | 


with a history of active infective endocarditis whose infection was cared 
with antibiotic therapy. . 


` Patients Studied and Methods 


The observations in this report are based on examination of both clinical 
records and cardiac valves from two groups of patients. All patients had severe 


_ left-sided valve disease; the cardiac status of each patient was judged to be either 
. moderately or severely. compromised (New York Heart Association classifica; 
tion?) immediately before death or valve replacement; all were over 14 years of 
` age; and none had valve disease on the basis of papillary muscle dysfunction. . 
The cardiac valves were examined for lesions consistent with healed infective. 


endocarditis (to be described later). 
The first group consisted of 584 necropsy patients with fatal valve disease 


(Table I), of whom 42 had a history of healed infective endocarditis. The hearts «' 
of all 584 patients were examined by one of us (WCR) and classified’according 
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TABLE | 
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Types of Valve Lesions Observed at Necropsy or Operation in 59 Patients With a History of Healed Infectlve Endocarditis 


Patlents (no.) 




















Total With 
i With With CP With Anatomic 
Type of Valve Dysfunction History of with With + With CT Evidence of 
at Necropsy or Operation Total Healed IE cP RCT RCT RA Only Healed IE 
Necropsy Patients 
Stenosis 
Aortic stenosis (AS) 195 11 (6%) 2 — — 3* 6 $ 
Mitral stenosis (MS) 99 5 (5%) 0 2 0 0 3 2 
AS + MS 76 7385 2 EA 18(5 %) 0 0 0 0 2 0 7 7(39%) 
Tricuspid stenosis (TS) + MS 3 0 (0%) 0 0 0 0 0 0 
AS +MS+TS 12 0 (0%) 0 0 0 0 0 0 
Regurgitation 
ortic regurgitation (AR) 65 7 (11%) §° — 0 0 2 5 
Mitral rogurattation (MR) 58 }148 7 (12%)}21(14%) 0 4 2 0 1 6 415(71%) 
AR + 25 7 (28%) 1 1 2 0 3 4 
Stenosis and regurgitation . ; 
AS + MR 16 3 (19%) 0 0 o` 0 3 0 
{AR + MS ge} 51 0 } 36%) 0 0 0 o0 0 0 
Subtotal 584 42 (7%) 8 7 4-3 20 (48%) 22 (52%) 
: Nonnecropsy (Valve Replacement) Patients : : 
Regurgitation : 
RR 44 10 (23%) 4t — — — 6 4 
MR 32 5 (16%) }17(21%) 0 3 0 — 2 3} 8(47%)} 
AR + MR 5 2 0 .1 0 — 1 1 
Subtotal 81 17 (21%) 4 4 (0) — 9 (53%) -8 (47%) 








* One also had a healed foca! aneurysm, probably the result of a mycotic aneurysm, in the tubular portion of ascending aorta. 


t Two also had cuspal indentations. 


CP = cuspal perforation; CT = cuspal thickening; IE = Infective endocarditis; RA = ring aneurysm (residuum of ring abscess); RCT = ruptured 


chordae tendineae. 


to the functional valve lesion (Table I). The 584 patients 
ranged in age from 15 to 88 years (average 45); 374 (64 percent) 
were male and 210 (36 percent) were female. 

The second group consisted of 79 patients who underwent 
replacement of either the aortic (44 patients) or the mitral (30 
patients) valve, or both (5 patients), because of pure valve 
regurgitation (Table I); 17 of these had a history of healed 
infective endocarditis. Seventy-two of the 79 patients survived 
operation; in the 7 patients who did not, necropsy was not 


TABLE Il 


performed. The 79 patients at the time of valve replacement 


‘ranged in age from 21 to 69 years (average 42); 50 (63 percent) 


were men and 29 (37 percent) were women. 


Results 


Of the 584 necropsy patients, 42 (7 percent) had had a his- 
tory. of active infective endocarditis that had healed; 26 of the 
42 had had replacement of one or more cardiac valves with a 


Relation of Clinical Features of Active Infective Endocarditis (IE) to Anatomic Evidence of Healed Infective Endocarditis 





Patlents (no.) 





Clinical Features of With No 

Active IE Obtalned by With Anatomic Anatomic 

History After IE Had Evidence of Evidence of 

Healed Total IE 

+ BC, + PS + CHF 8 7 1 

tee whee | 26 3 H5 (58%) 3p 11 (42%) 

+ BC only : 5 1 

0 BC, + PC, + CHF 3 2 . 1 

0 BC, + PS, 0 CHF 07 5 0} 2 ` 0; 3 

0 BC, 0 PS, — CHF 2 0 2 

— BC, A PS, + CHF 4 3 3 

— BC, + PS, 0 CHF 2 0 

— BC, 0 PS, + CHF 13 28 hoon 7 15 (54%) 

— BC, — PS, — CHF 9 4 5 
Totals 89 30 (51%) 28 (49%) 

0 = negative or absent; + = positive or present; — = not done or no information avallable. -` 


BC = blood culture; CHF = congestive heart failure appearing for the first time or, If present previously, worsening during the active infection. 
PS = one or mors peripheral signs consisting of palpable spleen, dermal petechiae, splinter hemorrhages, clubbing, Osler's nodes and clinically 


diagnosed systemic embolus or infarct. 
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FIGURE 2. Chest roentgenogram (a) and operatively excised aortic (b) and mitral valves (c and d) in a 45 year old man (A68-22) (S68-167) with 
pure aortic and mitral regurgitation. He was sald to have had acute rheumatic fever when 4 years old and active infectlve endocarditis at age 31. 
He died 10 days after double valve replacement. a, the heart is huge. It welghed 1,090 g. b, aortic valve with two perforations in one of the three 
cusps. c, unopened mitral valve showing loss of the chordae tendineae on the margin of the anterior and posterior leaflets adjacent to the anterolateral 
commissure (arrows). d, opened mitral valve. The arrows again indicate the absent chordae tendineae. The unruptured chordae are delicate. 


TABLE H 


Relation of Type of Mitral or Aortic Valve Hemodynamic Leslon to the Frequency of Lesions Indicative of Healed Infective 
Endocarditis (73 dysfunctional valves In 59 patients with healed infective endocarditis) 











Valves With Valves With 
Type of Valve Valves With Ruptured Chordae Healed Ring 
Dysfunction . Valves Perforation Tendineae Abscess 

at Death or Operation (no.) no. % no. % % 

Aortic stenosis* 16 at 12 0 3 19 
Aortic regurgitation 26 12 46 0 0 
Mitral stenosis * 7 0 2 30 0 
Mitral regurgitation 24 at 8 13 54 0 

Totals 73 16 22 ; 15 48 3 4 








* With or without valve regurgitation. 

t Despite the perforations, simultaneous left ventricular to systemic arterial peak systolic pressure gradient in one patient was 15 and In the 
second, 20 mm Hg. 5 $ 

+ Chordae tendineae in both valves were also ruptured. 
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prosthesis and had died subsequently. Of the 79 operative 
(nonnecropsy) patients, 17 (22 percent) had had a history of 
active infective endocarditis that had healed (Table I). Thus, 
of the total of 663 patients analyzed, 59 (9 percent) had had 
a history of active infective endocarditis that had healed. All 


59 patients were stated to have had “subacute bacterial en- . 


docarditis” or “an infection in their heart” or “an infection 
of a heart valve” for which they were hospitalized, treated with 
antibiotic agents and discharged from the hospital. The details 
of the histories are summarized in Table II. Although some 
patients had better documentation of past active infective 


’ endocarditis than did others, the frequency of positive ana- 


tomic evidence of healed infection was similar in those with 
a clear-cut history and in those with less clear-cut clinical 
evidence (58 percent and 46 percent) (Table'I]). 





FIGURE 3. Openedt Seale wie (a) and mitral valve (b) Ina jg visas 


old man (A69-254) who had an episode of active infective endocarditls. 


at age 24 and dled suddenly at age 39 while playing golf. A minimal 
amount òf aortic regurgitation was worsened by the episode of infective 
endocarditis. When the patient was studied 2 months before death, 
simultaneous left ventricular and brachial arterial pressures were 
140/20 and 140/38 mm Hg, respectively, and the cardiac index was 
2.8 ilter/min per m°. Anglography with injection of contrast materlal 
into the ascending aorta revealed severe aortic regurgitation and, with 
Injection Into the left ventricle, mild mitra! regurgitation. The heart was 
huge (1,010 g). a, the aortic valve is congenitally malformed, consisting 
of two nearly equai-sized cusps and one rudimentary cusp (called bi- 
cuspid); a perforation is present in each of the two developed cusps. 
Calcific deposits border the perforations. b, several chordae tendineae 
‘from the posterior half of the anterior mitral leaflet are ruptured (ar- 
rows). 


Valve jesion considered indicative of healed infective 
endocarditis: These included:cuspal perforations (Fig. 1 to 
5), ruptured chordae tendineae (Fig. 2, 3 and 6 to 8) and an- 
eurysms at or near sites of attachment of valve cusps (the 


-residua of ring abscesses) (Fig. 4, 9 and 10). Of the 59 patients ` 


with a history of active infective endocarditis that healed, 30 
(51 percent) had one or more of the three anatomic lesions 


. indicative of previous active infective endocarditis (Table I): 


Cuspal perforations occurred in 16 patients, rupture of 
chordae tendineae in 15 and aneurysms at or near the involved ` 
valve in 3. Other cardiac lesions also almost surely the con- 
sequence of healed active infective endocarditis are illustrated 
in Figures 7, 8, 11 and 12. Figure 13 shows an aortic valve in 
a woman who had three well documented episodes of active ` 
infective endocarditis and diffuse fibrous thickening of the 
aortic valve cusps.as the.only residuum. 

Valve dysfunction; Among the 59 patients with a history 
of healed infective endocarditis, the mitral or aortic valve, or . 
both, was either stenotic or purely incompetent at the time 
of necropsy or valve replacement:.28 patients had isolated 


aortic valve dysfunction, 17 isolated mitral valve dysfunction 


and 14 combined aortic and mitral dysfunction. Of the 59 
aortic valves in the 59 patients, 16 were stenotic, 26 purely 
incompetent and 17 functionally normal; of the 59 mitral 
valves, 7 were stenotic, 24 purely incompetent and 28 func- 


. tionally normal. Thus, a total of 73 valves in.the.59 patients 
_ functioned abnormally (Table ITI). Valve lesions indicative 


of healed infective endocarditis were more common in the 38 
patients with purely incompetent valves than in the 21 pa- 
tients with stenotic or mixed valve lesions: Anatomic evidence 
of healed infective endocarditis was present in 7 (30 percent) 
of the 23 stenotic valves; and in 25 (50 percent) or the.50 purely 
incompetent valves. Fourteen of the 16 patients with valve 
perforations had purely incompetent valves as did 13 of the 


. 15 patients with ruptured chordae tendineae. In contrast, none 


of the three patients with a healed ring abscess had purely 
incompetent valves. Valve lesions indicative of healed infec- 
tive endocarditis were present in 15 (48 percent) of the 31 
dysfunctioning mitral valves and in 17 (40 percent) of 42 


_dysfunctioning aortic valves (Table III). Anatomic evidence 


of healed infective endocarditis was present in 15 (58 percent) 
of 26 patients with positive blood cultures during active en- 


_docarditis, in 2 of 5 with negative blood cultures and in 13 (46 


percent) of 28 in whom the clinical events during active en- 
docarditis were not known (Table II). Eleven (38 percent) of 
the 29 patients without anatomic evidence of infective endo- 
carditis were known to have had positive blood cultures during 
the active stage. j 

All 23 stenotic valves (in 21 patients) at operation or at 
necropsy were diffusely fibrotic and 19 of them contained 
calcific deposits (extensive in 16 [14 patients]). Of the 50 
purely incompetent valves (in 41 patients), the valve leaflets 
were diffusely fibrotic in 37 and focally fibrotic in 13; 9 of these 
valves (in 9 patients) contained calcific deposits but i in each 
the deposits were focal and small. 

Etiology of valve disease: From examination of both the 
clinical records and the cardiac valves, it appeared likely that - 
the left-sided cardiac valves before the onset of active infective 
endocarditis had been both anatomically and functionally 
normal in 9 (15 percent) and abnormal in 50 (85 percent) of 
the 59 patients. The most likely origins of the underlying valve 
disease in the latter 50 patients were: rheumatic (24 patients, 
41 percent; mitral valve in all)4; congenital (17 patients, 29 
percent; bicuspid aortic valve in 12 [20 percent], unicuspid 
aortic valve in 1 [2 percent]®7 and aortic regurgitation asso- 
ciated with ventricular septal defect in 4 [7 percent]); degen- . 


erative (4 patients, 7 percent; aortic valve in all8); the Marfan 
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FIGURE 4. Aortic and mitral valves in a 45 year old man (A70-227) who had nonhemolytic streptococcal endocarditis 2 years earlier with the onset 
of mitral and aortic regurgitation at that time. He died 5 days after double valve replacement. It is believed that both valves were functionally and 
anatomically normal before the onset of infective endocarditls. a, excised aortic valve showing a perforation in two of the three cusps. b, opened 
left ventricular outflow tract showing a small opening (dashed circle) In the anterior mitral leaflet. c, mitral valve orlflce as seen from left atrium 
showing an aneurysm (arrow) on the atrial aspect of the anterlor mitral leaflet. d, opened left atrium, mitral valve and left ventricle showing the 
aneurysm (arrow) on the anterior leaflet. e, longitudinal cut of aorta (Ao), left ventricle, mitral valve and left atrium (LA) showing the aneurysm (enclosed 
by dashes) on the anterior leaflet. The mitral leaflet aneurysm as well as the aortic cuspal perforation Is the result of the active infective endocarditis 
that healed. LVI and LVO = left ventricular Inflow and outflow tract, respectively. 


syndrome (2 patients, 3 percent)9; and uncertain etiology (2 
patients, 3 percent). 

Valve stenosis antedating active infective endocarditis: 
Of the 21 patients (among the 59) with valve stenosis at nec- 
ropsy or operation, valve stenosis had been diagnosed before 
the episode of active infective endocarditis in only 3. Fourteen 
of the remaining 18 patients had considerable stenosis (aortic 
valve peak systolic pressure gradient more than 70 mm Hg or 
mean diastolic mitral valve gradient more than 7 mm Hg 
shortly before death or valve replacement) and short intervals 
(less than 2.5 years) from active infective endocarditis to death 
or operative valve excision. Therefore, in these 14 patients the 
stenosis almost certainly had been present before the active 
infective endocarditis. Each of the remaining four patients had 
small (12 to 20 mm Hg) simultaneous peak systolic pressure 
gradients across the aortic valve and long intervals between 
the episode of active infective endocarditis and valve re- 
placement or death. It is probable that the mild aortic stenosis 





in each of these four patients resulted in whole or in part from 
the valve infection. 

Clinical features: Of the 59 patients with a history of ac- 
tive infective endocarditis that healed, 41 (69 percent) were 
male and 18 (31 percent) female. At the time of active infective 
endocarditis, the patients ranged in age from 7 to 63 years 
(average 26), and at necropsy or valve replacement their ages 
ranged from 15 to 69 years (average 42). The interval from 
active infective endocarditis to death or cardiac operation 
(Table IV) ranged from 3 months to 34 years (average 7). Six 
patients had had more than one episode of active infective 
endocarditis. Factors predisposing to active infective endo- 
carditis were present in 18 (31 percent) of the 59 patients. 
Blood cultures were positive during active infective endo- 
carditis in 26 of the 31 patients in whom this information was 
available (Table V). Congestive heart failure was present 
during active infective endocarditis in 37 of the 40 patients 
in whom this information was available: In at least 27 of the 
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FIGURE 5. Operatively excised, mildly stenotic 
(12 to 20 mm Hg peak systolic pressure gradients), 
caiclfled aortic valves from four patients, each of 
whom had a history of healed Infective endocar- 
ditis. a, congenitally bicuspid aortic valve froma 
52 year old man (A70-54} who had active Infective 


_ endocarditis at age 40 with severe aortic regur- 


gitatlon thereafter. A large perforation is present 
In one of the two cusps. b, tricuspid aortic valve 
from a 42 year old man (A70-57) who had strep- 
tococcal endocarditis at age 32. A small perfo- 
ration ts present in one of the three cusps. c, - 
congenitally bicuspid aortic valve from a 53 year 
old man (A69-27) who had alpha streptococcus 
endocarditis 5 months before valve excision. d, 
tricuspid aortic valve from a 69 year old man 
(A87-29) who had active infective endocarditis at 
age 50. No definite anatomic residua of endo- 
carditis are apparent In the valves shown in c and 
d. 


FIGURE 6. Ruptured chordae tendineae (ar- 
rows) of the mitral valve from three patients 
with a history of healed infective endocarditis. 
a, opened left atrlum, mitral valve and left 
ventricle of a 29 year oid woman (A63-97) who 
had Staphylococcus albus endocarditis at age 
24 with severe mitral regurgitation subse- 
quently. b, from a 19 year old woman (A61— 
221) who had streptococcus Group D endo- 
carditis 16 months earlier with severe mitral 
regurgitation subsequently. c, from a 24 year 
old woman (A62-19) who had enterococcus 
endocarditis 5 months earlier. Calcific deposits 
are present at the sites of the previous vege- 
tations and these are better shown in d. This 
case Illustrates that calcific deposits are 
consequences of healing of active infective 
endocarditis and that the calcific deposits can 
form fairly rapidly. Each of the three patients 
shown here had active infective endocarditis 
on a previously normal mitral valve and each 
also had a normal aortic valve. 














See 2 Pei 


FIGURE 7. Heart of a 25 year old woman (A7 1-252) who had Staphylococcus aureus endocarditis at age 7 with mitral regurgitation thereafter. At age 
18, she had a second well documented eplsode of Infective endocarditis, this time due to alpha streptococcus. She died from severe congestive 
cardiac failure. a, opened aortic vative and left ventricle showing a Jet lesion (dashed circle) corresponding to the Indentation (arrow) in the anterior 
mitral leaflet (AML). b, opened left atrium, mitral valve and left ventricle. c, close-up of large area In brackets In b. There is an Identatlon and ruptured 
chordae tendineae on the anterior half of the anterior mitral leaflet. Small calclflc deposits border the Indentations. d, close-up of small area in 
- brackets in b. These calcific deposits on the posterior wall of left atrlum represent healed vegetations that apparently developed during one or 


both periods of active infective endocarditis. 














TABLE V 
. Organisms Causing Active infective Endocarditis 
TABLE IV (31 patients with avallable information) 
Relation of Interval Between Active Infective Endocarditis’ 
: Patient 
to Presence or Absence of Anatomic Evidence of “Organism E 
Intective Endocarditis at Operation or Necropsy a 
(59 patients with a history of Infective endocarditis) a ei i g F 
icro-aerophilic 2 6 
Interval (yr) Patients {no.) M 
Between Active ith Enterococcus 5 R 
Infective Anatomic g 
Endocarditis and Evidence 
Valve Replacement ; of Infective peen species 4 13 
or Death Total Endocarditis Aureus 1 3 
i Epidermidis 1 3 
<2 15 8 
5-10 12 i 8 1 3 
$40 16 7 Diplococcus pneumoniae 
Totais 59 30 (51%) Unknown. 5 17 
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37 patients, cardiac failure was not present before active in- 
fection and in 10 it was present before, but worse during, the 
infection. All 59 patients had congestive heart failure before 
death or valve replacement. The causes of death in the 42 
necropsy patients are summarized in Table VI. 

Histologic findings: Extensive histologic examination of 
the heart was carried out in the 16 patients in whom cardiac 
operation was never performed. Fifteen (94 percent) had 
microscopic-sized foci of myocardial fibrosis: In five it was 
confined to left ventricular papillary muscle, in four, to the 





FIGURE 8. Opened posterier mitral leaflet in a 30 year old man 
(A56-132) who had alpha streptococcus endocarditis 2 years earller. 
He had typical clinical features of the Marfan syndrome with aortic re- 
gurgitation In addition to mitral regurgitation. Shown here Is a calcified 
protrusion (enclosed by dashes) on the atrial aspect of the posterior 

` mitral leaflet. This protrusion probably represents a healed vegetation. 
The mitral chordae tendineae are elongated, and several from the an- 
terior leaflet are ruptured. 


a > - _ 
FIGURE 9. Radiograph of heart (left) and aortic valve from above (right) from a 52 year old man (A83-179) with a known precordial murmur since 
age 42 and microacrophilic streptococcus endocarditis 10 months before death. The aortic valve (AV) Is heavily calcifled and stenotic (85 mm 


Hg peak systolic pressure gradient). A “mycotic” aneurysm outlined by dashed lines {right} is the residuum of the infection. LA = left atrium; LV 
= left veniricie; R and L = right and left coronary arteries, respectively; VS = ventricular septum. 





left ventricular free wall; in 6 it was in both the free wall and 
papillary muscle. Only 3 of 16 had significant (greater than 
75 percent in cross-sectional area) coronary arterial luminal 
narrowing. Three patients had microscopic-sized foci of ne- 
crosis in left ventricular papillary muscle, but each of them 
had had severe congestive cardiac failure before death. 


Comments 


Previous studies of causes of death after healed in- 
fective endocarditis: Successful therapy for active infective 
endocarditis with the introduction of penicillin for this con- 
dition in 1944 represents one of the great successes in the 
treatment of heart disease. Overnight this condition changed 
from a virtually universally fatal condition? to one that could . 
be cured. However, despite the use of penicillin, and, later, 
other antibiotic agents, a number of patients so treated nev> 
ertheless died.!°-28 Table VII summarizes the reported results 
of therapy with penicillin for active infective endocarditis in 
a total of 1,357 patients.10-28 Of this number, 450 (33 percent) 
died during the period of active infective endocarditis, and 
approximately another 33 percent of patients, although cured 
of the infection, were left with cardiac dysfunction as a con- 
sequence of the valve damage produced by the infection. Only 
about one third of the total patients with active infective en- 
docarditis or one half of the survivors of the active infection 
were free of valve damage or at least valve damage sufficient 


TABLE VI 


Mode of Death in Patients with History of Heaied infective 
Endocarditis (IE) (42 necropsy patients) 


Patients 
Operated Patlents Not 
On Operated On Totals 


Mode of Death no. % no. % no. % 
Cardlovascular 19 73 13 81 32 76 
Congestlve failure 3 12 10 63 13 31 
Sudden death 9 34 2 12 11 26 
Prosthetic dysfunction 5 19 O° , 5 2 
Operative accident ye 8 0 2. 5 
Recurrent active JE 0 1 6 1 2 
Cerebrovascular 4 15 0 4 10 

` Other 3. 12 3 19 6 14 
Totals 26 100 16 2 100 
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FIGURE 10. Congenitally unicuspid unicommissural, calcified aortic valve from above (a) and when opened {b} froma 32. year old woman {A61-28 1) 
with a known precordial murmur since age 5 and alpha streptococcus endocarditis at age 29. A 90 mm Hg peak systolic pressure gradient was 

| present between the left ventricle and the systemic artery. In b, a perforation (enclosed by circle) is present just below the aortlc valve; it Is considered 
the result of the infective endocarditis. AML = anterior mitral leaflet; LV = left ventricle; R = right coronary artery. 





FIGURE 11. Aortic (eine from above (a) and when opened (b) from a 24 year old man (A83-20 1) who had acute rheumatic fever at age 9 and 
alpha streptococcus endocarditis at age 23, one year before death. Each of the three aortic valve cusps Is diffusely thickened and retracted by 
fibrous tissue. An oval-shaped area of fibrous thickening (arrow) between the right (R) and noncoronary (N) cusps probably represents the residuum 
of infective endocardltls. The anterior mitral leaflet (AML) is diffusely thickened. L = left aortic valve cusp. 
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FIGURE 12. Obrony arterial palin with healed myocardial infarction In a 26 year old man (A63-170) who had active Infective endocarditis 
on a congenitally bicuspid aortic valve 3 years earller. At the time of the Infection, the patient had a large anterlor wall acute myocardial Infarction. 
Examination of the coronary arteries 3 years later disclosed that the right, left maln and left circumflex arteries were normal and that the distal left 
anterior descending (shown here) contained several channels. It Is IIkely that a portion of the aortic valve vegetation dislodged and embolized to 
the coronary artery at the time of the active infection and that the embolus subsequently recanallzed. A section of the healed myocardial infarction 
is shown at the right. Elastic tissue stain X46 (left) and hematoxylin-eosin stain < 10 (right), reduced by 22 percent. 
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FIGURE 13. Operatively excised tricuspid aortic valve from a 23 year’ s 


old woman (863-3352) who had three well documented episodes of 


active Infective endocarditis at ages 18, 19 and 21 and yet no anatomic - 


-changes In the valve that can unequivocally be attributed to the Infection. 
Each of the three cusps is thickened by fibrous tissue; but no perfora- 
tlons are present. 


1 


> ; ; pol 


to produce cardiac dysfunction. Thus, of patients with active 


infective endocarditis treated with penicillin and reported on — 


from 1950 to 1965,!°-28 one third died ‘during the active in- 


fection, one third were left with sufficient damage to one or, - 
more valves to cause cardiac dysfunction and one third had - 


either no residual valve damage or insufficient valve damage 
.to produce cardiac dysfunction. 


Among patients whose active infective endocarditis was: 
_ cured with penicillin therapy but who later died, the most’ 


coramon cause of death was congestive heart failure, the result 
usually of valve damage either initiated or worsened by the 
active infective endocarditis. Among the.survivors of active 
infective endocarditis whose data are summarized in Table 
VII, 199 died 2 to 156 months after eradication of the infection 


` 


`. by penicillin. Of them; 148 (74 percent) died from a cordiae 
. cause and in 126 of them congestive heart failure was the 


major cardiac problem; only. 24 of the 199 patients clearly died 
from noncardiac causes. 

Few observations at necropsy in patients. who died late after 
healing of active infective endocarditis are available. As Table 
VII indicates, among the 199 patients who died late after 
healing of the endocarditis, necropsy was reported in only 30 


- patients of whom 10 had cardiac lesions that could be attrib- 


uted to results of the active infection; cuspal perforations were’ 
found in all 10 and aneurysm of the anterior mitral leaflet in 
2 (possibly as many as 4). None of these reports described the 
residual valve lesions in detail and, indeed, rupture of chordae 
tendineae or perianular aneurysm (evidence of healed nag : 


` abscess) were not mentioned. ` 


Valve lesions attributable to consequences of active 
infective endocarditis : The present study is different from 
any of the previous studies summarized in Table VH. The 


` earlier studies each began with a population of patients with 


active infective endocarditis who were treated with penicillin. 
The patients surviving the period of active infection were 
followed up thereafter for various periods to determine how 
many later had, or continued to have, cardiac dysfunction 
despite eradication of the valve infection. The starting point 
in the previous studies, therefore, was ‘active infective endo- 
carditis. In our study, the starting point was examination of 
a severely dysfunctioning cardiac valve, either at necropsy or ' 
at valve replacement, in a group of patients with historical . 
evidence of active infective endocarditis treated with, and the . 
cardiac infection eradicated by, antibiotic drugs. Among these 

patients we sought to determine the frequency of anatomic 

lesions that were clearly attributable, to consequences of the. 
active infective endocarditis. Thus, among 584 necropsy pa- 


_' tients who died of severe valve disease,.42 (7 percent) had a 


history of active infective endocarditis that healed and 22 (52 
percent) of them had anatomic cardiac lesions readily at- 
tributable to the earlier valve infection; among 79 patients who 
underwent cardiac valve replacement because of severe aortic 
or el regurgitation, or both, 17 (22 percent) had a history 

















“TABLE VII 
Summary of Previous Reports of Consequences of Active Infective Endocarditis (IE) Treated With Antibiotics 
Patients g 
i ` urvivin . 
5 i Dying Active | Follow- ; ` f 
Reference : Total- During and Later, Up Cause of Late Death . Necropsies Cuspai 
First © -With Active Active IE Dying ` Interval ` _ Cardiac Nor- Un- in Late Per- : 
Author, Year \|ETherapy no. % no. (mo) er cardiac known Deaths foration 
i Pillsbury"? 1950 . -314 3 10 7 9—48 (35) 8. 0 1 0 — —' 
Gorlin? 1950 - 38 11 29. 7 12-72 4 3 0 0 _ — 
Cates 1? 1951 408 171 42 24 >6 » 19. 0 0 5 — — 
Correll'§ 1951 ' 36 15 42 4 2-24 4. 0 0 0 — — 
Donzelot!4 1953 202 49 24 21 3-84 17 2 0 2 — = 
Newman'® 1964 39 12 31 9 wh 9 0 0 0 — = 
Priest 16-18 1955 34. 12 -35 8 ` 13-120 5 1 ` 0 0 — = 
. Henriksen’? 1955 19 7 37 2 44-80 2 0 °0 0. — .— 
. Mendelson?™22 1956 20 3 15. 7° -8-102 5 1 0 1 as -= —* 
Hall?> 1957 32. 15 47 ` 7 . 8-72 E- 1 1 0 .3 1 
Wedgewood?* 1957 29 ` 8 28 3 20-114(40) - 3 0 0 i — — 
Morgan?5~  : 1959 175 56 32. 50 60-120 21 6 13 10 17 8t 
«Bunn?6 1962 84 17 27 14 12-156 7 2 5 - 0 N i 1 
Blount?” 1965 - 89 . 18 20. 19 2-108 (25)- 7 5 3 ‘4 3 — 
Rabinovich?8 1965 © 141, 53 38 19 <60 i 12 1 1 5 — — 
Totals 1357 ` 450 33 199 ` 2-156 126 22., - 24 27 30 -10 
- t i : (63%) (11%) (12%) (14%) > 








* Illustrated case of healed aneurysm of anterior mitral leaflet (Case 14) and another of healed aneu sm plus erforation of anterior mitral leaflet 
(Case 9) (Mokotoff et'al.2°), memoNee a 

t Two patients also had healed aneurysms of the anterlor mitral c i 

CHF ='congestive heart fallure: : 
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Relation of Héaled Cuspal Perforation and Ruptured Chordae Tendineae to Infective Endocarditis (1E) (607 patients* with 


severe valve disease) 











Patients With Ruptured 


























Patients With Cuspal 
- Chordae Tendineae Perforation (o) 

Dysfunctioning : j story i History 
Valve . Total - Total of lE -> Total A of IE. : 

Aortic (A) ‘ 278 i ee ai tit i 1 (100%) 

Mitral (M) . “175 $ 35 10 (29%) 2 ' (100%) 

A&M 154 : 8 5 (82%) - 3t at (100%) 

Totals 607 43 15 (35%) . 16 : 16 (100%) 





* This number is 607 rather than 665 as stated In Table | because 58 „patients with active Infective endocarditis were excluded. 
t Two patients with aortic valve perforations were excluded pecause historical data were Insufficient to determine presence or absence of a 


history of infective endocarditis. - 
t The perforations in each patient, Involved the aortic valve only. 


of active infective endocarditis that healed and 8 (47 percent) 
of them had anatomic cardiac lesions readily attributable to 
an earlier valve infection. 

Cardiac lesions produced by infective endocarditis on 
regurgitant versus stenotic. valves: Study at necropsy of 


patients with fatal active infective endocarditis has indicated - 


that cuspal perforations (or indentations), ruptured chordae 
tendineae, ring abscesses and mycotic aneurysms are cardiac 
lesions most commonly the consequence of infective endo- 
carditis.29.90 Among our 59 patients with a history of active 
left-sided infective endocarditis that healed, 16 had cuspal 
perforations, 29 had ruptured mitral chordae tendineae, 3 had 
perianular aneurysms (healed ring abscess) and 1 had a small 
aortic aneurysm considered to be of infective origin. Although 
30 of the 59 patients had cardiac lesions attributable to con- 
sequences of infective endocarditis, these lesions were far more 


common among the patients with purely incompetent valves . 


(immediately before death or valve replacement) than among 


the patients with stenotic valves. Of the 385 patients with . 


- valve stenosis at necropsy; 18 (5 percent) had a history of ac- 
tive infective endocarditis that healed and 7 (39 percent) of 
them had anatomic cardiac lesions indicative of infective 
endocarditis; in contrast, of 229 patients with pure valve re- 


gurgitation at necropsy or valve replacement, 38 (17 percent): 


had a history of active infective endocarditis that healed and 
23 (61 percent) of them had anatomic cardiac lesions indica- 
tive of infective endocarditis. Among the 7 patients with an- 
atomic lesions of infective endocarditis and valve stenosis, the 
anatomic lesion in 3 was healed ring abscess, and cuspal per- 
forations and ruptured chordae tendineae occurred in each 
of 2 patients; in contrast, among the 23 patients with anatomic 
lesions indicative of infective endocarditis and pure valve 
regurgitation, none had healed ring abscess, 14 (61 percent) 
had cuspal perforations and 13 (57 percent) had ruptured 
chordae tendineae (4 of the latter 13 were among the 14 with 
cuspal perforations). Thus, infective endocarditis superim- 
posed on a previously stenotic valve may not leave evidence 
of further cuspal damage and, because the chordae tendineae 
are thick when the mitral valve is stenotic, rupture of a 
thickened chorda tendinta is infrequent. The previously 
normal valve or the purely incompetent valve is easy prey to 
cuspal destruction by infection because it is not thickened; 

similarly, the chorda tendinea that is not-thickened readily 
can be ruptured by infection. 

Correlation of history of infective endocarditis and 
anatomic findings: Although anatomic lesions clearly in- 
dicative of previous infective endocarditis occurred in half of 
our patients with a history of active infective endocarditis, the 


other half had no lesions readily attributable to infective en- 
docarditis. This difference cannot be explained on the basis 
of better historical evidence of active infective endocarditis 
in the former group. Anatomic evidence of infective endo- 
carditis was found in 17 (55 percent) of the 31 patients with 
a “good” history and in 13 (46 percent) of the 26 patients with 
a “less good” history of active infective endocarditis that 
kaded. Cuspal perforations, ring abscess and ruptured 
chordae tendineae thus are not inevitable consequences of 
active infective endocarditis. Although cuspal perforations 
and ring abscesses in our experience are always indicative of 
infective endocarditis at some time, ruptured chordae tendi- 
nede unassociated with vegetations are not always indicative 
of past infective endocarditis (Table VII). Among 16 patients 
with cuspal perforations unassociated with vegetations 
studied by us at necropsy, all had a good history of infective 
endocarditis that healed (Table VIII). In contrast, of 43 pa- 
tients with ruptured chordae tendineae unassociated with 
vegetations and studied by us at necropsy, only 15 (35 percent) 
had a history of -past infective endocarditis (Table VIII). 
Nevertheless, rupture of chordae tendineae is the most com- 
mon anatomic.lesion observed on the mitral valve during ac- 
tive infective endocarditis?9° and consequently in patients 
with a history of healed: infective endocarditis and ruptured . 


TABLE 1X 


. Distinguishing Features of Fatal Left-Sided Infective 


Endocarditis (IE) (active compared with healed state) 








Active IE Healed IE 
(% of (% of 
74 patients) 42 patients) 
Underlying status of Involved 
valve i 
Anatomically normal 55 15 
Anatomically abnormal 45 85 
.Causative organism 
Staphylococcus or 48 - 19 
pneumococcus 
Alpha hemolytic 12 52. 
streptococcus . 
Predisposing factors 
Oplate addiction 14 i 0 
Alcoholism 23 60 ` 2 27 
Immunodeficlencies 9 5 
Manipulative procedures 14. 20. 
(dental, surgical, : 
obstetric) 





December 1977 The American Journal of CARDIOLOGY Volume 40 887 








HEALED LEFT-SIDED ENDOCARDITIS—ROBERTS AND BUCHBINDER 


chordae tendineae it is most reasonable to attribute the 
chordal rupture to the infection. 

Necropsy findings in patients who die during active 
infection versus findings in patients who die after heal- 
ing: Certain differences have been noted at necropsy. between 
patients who died during active left-sided infective éndocar, 
_ ditis and those who died after healing of the active infection. 
Three major differences, summarized in Table IX, have been 
noted. Among our 74 necropsy patients with fatal active 
left-sided infective endocarditis,®° 55 percent had the infection 
on a previously anatomically and functionally normal valve; 
in contrast, of our 42 necropsy patients with healed left-sided 
infective endocarditis, only 25 percent were considered to have 
had anatomically and functionally normal valves before the 
infection. Thus, the thicker the valve before the infection, the 
greater the chance of survival during the infection. The 
causative organism was quite different: Staphylococcus or 
pneumococcus was the responsible organism in 48 percent of 
our 74 necropsy patients with fatal active infective endocar- 


ditis, and it was responsible in only 19 percent of our 42 nec- 
ropsy patients with healed infective endocarditis. In the latter 
group, alpha streptococcus was the most common infecting 
organism (52 percent) whereas it was the offending organism 
in only 12 percent of our patients with fatal active infective ` 
endocarditis. Finally, recognized predisposing factors to in- 
fective endocarditis were common (60 percent) among our 
patients who died during the active infection and were less” 
frequent (27 percent) among our patients who died after 
healing of the valve infection. 
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a Thallium-201 Myocardial Perfusion. Imaging i in 
Aortic Valve Stenosis 


The clinical utility of thallium-201 myocardial perfusion imaging in aortic 
valve stenosis was evaluated at rest and after exercise In three groups 
of patients: (1) 20 normal subjects, (2) 11 patients with aortic valve 
stenosis and coronary artery disease (70 percent or greater narrowing 


`- of luminal diameter), 11 patients with aortic valve stenosis without cor- 


onary artery disease (30 percent or less narrowing). Seven of the latter 
22 patients also had postoperative imaging studies. None of the normal 
subjects had perfusion abnormalities either at rest or after maximal ex- 
ercise. Three patients with aortic stenosis and coronary artery disease 
and one with aortic stenosis alone had focal perfusion defects present 
at rest suggesting prior myocardial Infarction. Five patients with aortic 
stenosis and coronary artery disease manifested new focal perfusion 
defects and also a pattern of widespread left ventricular wall.“‘thinning”’ 


‘In the postexercise thallium image suggesting diffuse subendocardial 


ischemla; three had wall “thinning” alone, and two no change In resting 
focal defects. Five patients with aortic stenosis without coronary artery 
disease also manifested focal perfusion defects and wall thinning; one 
had wall. thinning alone, and one a new focal defect alone. Two patients 
had new resting focal defects after surgery, suggesting perioperative 
damage, and four patients no longer had elther the focal or the diffuse 
pattern of exercise Ischemia seen preoperatively. 

Thallium-201 Imaging Is of value in assessing the results of surgery In 
aortic stenosis. However, the technique does not allow adequate sepa- 
ration of patlents with aortic stenosis and coronary artery disease from 
those with aortic stenosis alone because (1) anglographically significant 
coronary artery disease may not always produce focal ischemia before 


- diffuse subendocardlal Ischemla develops, and (2) anglographically in- 


significant coronary artery disease may become functionally critical in 


the presence of aortic stenosis and produce focal Ischemia. 


` Angina pectoris almost invariably occurs in adult patients with aortic 


stenosis and coronary artery disease but it also frequencly occurs in those 
with aortic stenosis alone.1-!4 The mechanism of angina in patients with 
aortic stenosis without significant coronary artery disease is generally 
thought to be diffuse subendocardial ischemia caused by a reduced di- 


‘astolic pressure-time index relative to myocardial oxygen demands.®15.16 


Conversely, the mechanism of angina in patients with aortic stenosis and 
coronary artery disease is thought to be a focal reduction in myocardial 
perfusion distal to a ‘critical coronary arterial narrowing relative toi in- 


i creased oxygen demands. 


Thallium-201 myocardial perfusion i imaging after exercise has recently 
been shown to be a sensitive technique for detecting areas of focal isch- 
emia in patients with coronary artery disease.17-*° Occasionally in pa- 
tients with severe triple vessel disease who experience angina pectoris 


- during exercise testing, a pattern of left ventricular wall “thinning” may 


also ‘be observed (Fig. 1), suggesting that- thallium i imaging might be 


Bi a 
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useful in the detection of diffuse subendocardial as well 
as focal ischemia. This study was undertaken to deter- 
mine whether the pattern of ischemia as detected by 
noninvasive thallium-201 myocardial perfusion imaging 
could predict the presence or absence of angiographi- 
cally significant coronary artery disease in patients with 
aortic stenosis. 


° REST 
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ANT 


LAO 40° 


LAO 60° 
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Methods 


Patients: Three groups of patients were studied with 
thallium-201 myocardial perfusion imaging with injection of 
the radiotracer both at rest and during exercise: (1) 20 normal 
subjects (18 men, 2 women, mean age 87 years) including 17 
normal volunteers without any history of cardiac symptoms 
and 3 patients with atypical chest pain but normal exercise 


FIGURE 1. Thalllum-201 myocardial perfuslon images 
at rest and after exercise In the anterior (ANT) view in a 
patlent with severe triple vessel coronary artery disease 
without aortic stenosis who experienced angina with 
exercise. Above, at rest the left ventricular cavity Is seen, 
and there Is a relative reduction in thalllum-201 activity 
at the apex. After exercise the cavity has become rela- 
tively dilated and the wall of the left ventricle appears 
thinner although peak thallium-201 concentration within 
the wall is not reduced. These findings suggest the 
presence of diffuse subendocardial ischemia. Note also 
a clear-cut focal defect now present at the apex. Below, 
angiograms of the right coronary artery (RCA) In the left 
anterior oblique projection and the left coronary artery 
(LGA) in the right anterior oblique projection. Severe 
narrowing (arrows) is noted In the right coronary artery 
and the left main coronary artery. Multiple addltlonal 
significant narrowings are noted In the left anterior de- 
scending and circumflex coronary arteries. 


FIGURE 2. Thalllum-201 myocardial perfusion Images 
in a normal subject. Images at rest are shown at left, 
images after exercise at right. Note the relatively ho- 
mogeneous distribution of thalllum-201 In the left ver- 
tricular myocardium in the resting Images. The left ven- 
tricular cavity can be Identified In each view. There Is 
considerable hepatic/gastric activity overlying the inferior 
portion of the Images. After exercise the distribution of 
thalllun-201 remains homogeneous and no focal defects 
appear. Relative wail thickness and cavity size are un 
changed compared to rest. Hepatic/gastric activity Is 
markedly reduced. ANT = anterior projection; LAO = left 
anterior oblique view. 














i 


EI ae coronary TE ‘and left Senis 2 


‘ulograms;.(2) 11 patients (7 men, 4 women, mean age 60 years) 
with aortic sténosis and coronary: vartery disease (70: percent 
or greater narrowing of luminal diameter); aiid (3) 11-men 


(mean age 56 years) without coronary artéry disease (30 per-- - 
_ - cent or less narrowing of luminal diameter). ‘The clinical data ` 
- onthe patients with aortic stenosis are summarized in Table: - - 
I. Seven patients (four with coronary artery, disease, three, -- 


without coronary artery disease) also had. ‘thallium-201, 
imaging studies postoperatively. 


Twenty of the patients with aortic stehosis, including tires! aa 
who had an episode of prolonged pain while at rest, were re- .. 


_ ferred because of a history of anginal chest pain: One of the 


two patients without any history of chest pain had a previous’ _ 
. cetebral embolus, and the other denied any symptoms pos-. ^ ~ 


sibly related: to aortic valve or coronary artery disease. All 


‘patients were ambulatory, performing normal daily activities... 
and had no history of cardiac arrhythmias. Eight patients ; 


(four with aortic stenosis and coronary artery disease; four: 


tion. 

Cardiac E AS All patients had left and right 
heart catheterization including left ventricular cineangiog- 
raphy and selective coronary arteriography performed with’ 
the Judkins technique. The aortic valve orifice area was cal-. 
culated with conventional methods.” 

Each angiographic study was reviewed enid by two 
independent angiographers without knowledge of either the 


- clinical data or results of thallium- 201 myocardial perfusion’ ae 


imaging or exercise testing. Each of the major coronary arte- 


‘ries (left main, left anterior descending, left circumflex and: - 

right: coronary. arteries) and.their major branches were in-- - 
_ spected for luminal narrowing and classified according to‘the.’ © 
l percent of the vessėl diameter inyolved by the.most severe `: , 


narrowing. 


Thallium-201 myocardial perfusion imaging: After j ins | 


. ` travenous administration of 2 mCi of thallium-201, myocardial 
. images were recorded in the anterior view and 40° and 60° left 
anterior oblique views with the patient supine as previously 
` described.” The preoperative imaging studies were performed . 
`_ 1week apart before cardiac catheterization. Of the seven pa- 


tients who also had thallium-201 i imaging postoperatively, five .. 


. had studies both at rest and after exercise (at 4 months [four 


- patients] and’1 year [one patient] postoperatively); two had - 


. only a study at'rest performed 10 days postoperatively., 
Interpretation of thallium-201 myocardial perfusion 
~ imaging: The computer stored images (Medical Data Systems 


model 150) were displayed using a 128 by 128 point matrix as `. 


‘previously described.17.22 The images from the normal subjects 


and the patients were: randomly recalled from the computer ; 
and were displayed i in pairs consisting of matching views for .. - 
the resting and exercise study (each patient study required. i 

. the examinatian ‘of three pairs of views). The thallium images ; ` 


` were then interpreted by two observers who had no knowledge 


of the clinical, ‘angiographic or electrocatdiographic findings.. ‘ 


The observers traced the outline of each cardiac image from” 


the display screen and outlined any perfusion defects observed ` ` 
in the images obtained at rest or after exercise. The basal're- -, aa 


` gions:of the image (including the sites of the aortic and. mitral 
valves) were not evaluated for perfusion abnormalities because 
- decreased tracer concentration is normal in these areas. 22° 


Defects at rest or new defects after exercise were considered- `, ; 
present if they were evident in at least one view in which both ` ` 


observers agreed on their presence and the deféct measured 
at least 15 percent (1.5 cm approximately) of the traced i image 
circumference.!’ 


The observers also noted if‘ “thinning” of the left Jaia mE 
wall of at least 0.5 cm appeared in the thallium-201 myocardial ù% 


j 


with aortic stenosis alone) were taking’a fligitalis prepera:, K 
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oe 


image: ‘after exercise by comparison with’ the wall dimensions 


observed i in the image obtained at rest. Such an appearance 


-- -was thought not to be representative of an anatomic decrease 


in wall dimensions but the pattern resulting from. reduced 


“ gubendocardial flow and, hence, tracer uptake. 


Exercise testing: The exercise protocol had been approved 


by the Joint Committee on Clinical Investigation of The Johns 
‘Hopkins. Hospital and informed consent was obtained from 


each patient. Twelve lead electrocardiograms were recorded 
at rest and during exercise testing as previously described.!73 
The patients exercised on an electrically braked upright 
bicycle ergometer to a level that produced symptoms of chest 


` pain, breathlessness or fatigué of similar severity to that ex- 


perienced during daily activities. The electrocardiogram and 


- systolic blood pressure (sphygmomanometer cuff measure- 


ments) were monitored throughout exercise. 

The following exércise protocol was used: After : an initial 
warm-up period of cycling.without work load, the patient 
performed a small work load of 25 watts for 3 minutes. If he 
managed this load without symptoms, the load was increased 
progressively by 25 watt increments every 3 minutes until the 
onset, of symptoms. The load achieved by the patient was 


* calculated as the final completed-_load plus the portion of any 


incomplete load calculated to the nearest minute. Thallium- 


_ 201 was injected at the onset of symptoms and the load was 
‘’. immediately removed. Leg motion was continued in order to 
_ prevent any abrupt reduction in blood pressure and to allow 


sufficient blood clearance of thallium-201 during the stress 
interval. All‘ of the normal subjects performed progressive 
multistage'maximal exercise according to a similar protocol 
but continued high level exercise for an additional minute 


’ after the-injection of thallium-201. 


Interpretation of electrocardiograms: The electrocar- 
diograms were interpreted by two independent observers 
without knowledge of angiographic or thallium-201 imaging 


à _ data. The resting electrocardiograms.were evaluated for the 
: presence, of left ventricular hypertrophy as suggested by 
“ Romhilt'and Estes. The resting electtocardiograms were also 


evaluated for the presence of Q waves.” The exercise elec- 


' trocardiograms were considered positive for myocardial 
‘ischemia if-an additional 1 mm of S-T segment: depression 


(horizontal or downsloping, 0.08 second’s duration, present 
in three consecutive beats with a stable baseline) was observed 
in any lead. compared. to rest (both measured at, standard 
sensitivity). : 

Anginal choat pain was considered. present when the pa- 


. tient manifested his typical precordial chest pain during or 


within 4 minutes after exercise. No. serious complications re- 


` sulted fróm this protocol.’ 


The data were analyzed | using the 2 by 2 chi-square test, 


‘the chi-square analysis or correlated proportions when related 
- variables were analyzed and the unpaired t test to obtain the 


difference of means.?? ` 


7 Results - 


Normal Subjects 


All of the normal subjects | had eee sisal: 


7 ograms at rest and during éxercise. All achieved target 


heart rate (85 percent of predicted heart rate for age and 


~gex).28. None-had focal perfusion defects in the thal- 


lium-201 myocardial perfusion images either at rest or 


. -after-exercise (Fig. 2). The left ventricular cavity could 


be identified in each view in both the resting and exer- 
cise images. None of these patients manifested “thin- 


` ning” of the left ventricular wall after exercise. 
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TABLE I 


Clinical Characteristics and Results of Exercise Testing and Thallium-201 ‘Imaging in 22 Patients With Aortic Stenosis 


With and. Without Coronary Artery Disease 








Peak Aortic 


























A ; Significant Coronary Lesions 
Systolic Aortic Valve 4> A 
no a Age (yr) Angina Q Gradient Area EF (270% narrowing) 
Case no. and'Sex History LVH Waves (mm Hg) (cm?) (%) LAD LCx RCA 
7 A. Aortic Stenosis With Significant Coronary Artery Disease (70 percent or greater luminal narrowing) 
eee 7 
1 . 62M + + — 53 0.8 61 0 LCx RCA 
2 63F +: + - 70 0.6 60 30% LCx RCA 
3* 42M + + + 95 0.2 40 0 0 RCA 
A 60M +". — + 90 0.3 v 52 LAD LCx 30 % 
5 73F ee — — 28 0.7 51 LAD LCx RCA 
6 74F + - — 34 0.6 75 LAD LCx RCA 
7 67M + — +, 75 0.7 50 LAD 0 0, 
8 Preop 43M + + — 75 0.5 53. LAD 0 30 % 
Postop : 
9 Preop 55F +** — + 40 0.7 85 0 0 RCA 
Postop : 
10 Preop 52M + + - 108 0.6 52 LAD LCx 0 
Postop _ — ~- j - 
11 Preop 65M + + + 93 0.5 55 ` LAD(LMCA) LCx 50% 
Pastap . — — + y 
Mean + SD 60 + 11, 69 + 27 0.6 +t 0.2 58 + 13 
B. Aortic Stenosis Without Significant Coronary Artery Disease (30 percent or less narrowing) 
12 49M + — — 108 0.7 -79 
13 47M + — _ 32 1.0 71 7 
14 46M ~ oS — 70 -0.8 STO 
15 64M + + — 72 0.3 43 
16* 37M + + + 70 0.6 66 
17 61M +. - — 90 0.8 80 
18 61M + — + 60 0.9 37 
19 62M + + + 115 0.4 .56 
20 Preop 57M — + —- 53 0.5 60 
Postop — — - : 
21 Preop 68M + + — 104 0.3 40 
Postop = 2 - 
22 Preop 60M + + + 68 , 0.8 53 . 
Postop l ~ + $ 
Mean t SD 56 +9 i ; 77 +25 0.6 + 0.2 60+ 15 
Difference NS NS NS “NS NS NS NS 





*Patient died immediately after operation. 
tHistory of a previous episode of prolonged chest Pain while at rest. 


- A ` 


*Patient did not perform exercise but received an injection of thallium-201 during an episode of spontaneous angina pectoris. This pa- 


tient is excluded from the exercise analysis. 


New defect (new or additional focal perfusion defect appearing with exercise). 


+ = abnormality present; — = no abnormality. 


Patients With Aortic Stenosis and Coronary Artery 
Disease 

Clinical and cardiac catheterization findings 
(Table IA): All of these patients had a history of angina. 
The mean aortic valve area was 0.6 cm? and the peak 
systolic pressure gradient 69 mm Hg. All patients had 
coronary arterial narrowing of 70 percent or more of 
luminal diameter in at least one coronary artery. 

Exercise testing: One patient (Case 6) had angina 
at rest while the baseline electrocardiogram was being 
recorded before the exercise test and thallium-201 was 
injected during the anginal attack. Thallium imaging 
at rest was repeated 1 week later when angina was not 
„present. Five patients had both angina and further S-T 
segment- depression with exercise, three had S-T de- 


pression alone and one had angina alone. Only two pa- l 


tients aċhieved their predicted heart rate. The heart rate 


increased by only 10 beats/min in the patient with 
spontaneous angina, and the electrocardiogram did not 


change significantly. The mean work load achieved by- 


these patients was 61 watts. 

. Thallium-201 myocardial perfusion imaging: The 
left ventricular cavity could not be identified in the 
anterior view of the resting image in five patients. Three 
patients had focal perfusion defects at rest; one had Q 
waves and a history of prolonged pain, one had Q waves 
alone and one had prolonged pain alone. The patients 
with focal defects tended to have a lower left ventricular 
ejection fraction than the rest of the group. 

In five patients (including one with a preexisting focal 
defect at rest), new focal perfusion defects as well as left 
ventricular wall “thinning” suggesting diffuse suben- 
docardial ischemia developed with exercise (Fig. 3). 
Three patients (including whe patient with spontaneous 
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TABLE } (cont'd) 





Thallium-201 Imaging 


























; Peak Systolic Exercise 
HR BP Peak HR BP on Angina > ECG Peak Work Focal Exercise “Wall 
At Rest At Rest on Exercise - Exercise on on Load Defect Focal Thin- 
Case no. (beats/min) (mm Hg) (beats/min) (mmHg) Exercise Exercise (watts) At Rest Defect ning” 
A. Aortic Stenosis With Significant Coronary Artery Disease (70 percent or greater luminal narrowing) 
1 55 130/80 112 _ 150 + + 91 = +§ + 
2 90 120/90 130 150 — + 58 a = + 
3* 100 140/90 137 170 + + 50 + +8 + 
4 60 110/80 105 160 — — 50 + + = 
5 60 152/85 125 _ + 41 + + = 
6 105 160/105 115% 160 + ~ 0 — ~- + 
7 . 65 150/90 100 + + 66 — — + 
8 Preop 81 110/80 151 + - 60 '— +§ + 
Postop + 
9 Preop 55 140/80 105 160 = + 50 — — - 
Postop 100 120/90 140 160 + + 83 = +§ + 
10 Preop 80 120/75 150 190 — _ 83 — _ — 
Postop 75 160/100 120 190 + + 75 — +8 + 
11 Preop 60 130/100 114 140 — — 58 + - — 
Postop i 
Mean + SD 80+ 19 136/88 123417 163414 | 61417 
£19/ 8 
B. Aortic Stenosis Without Significant Coronary Artery Disease (30 percent or less narrowing) 
12 70 115/70 148 — — 100 — _ - 
13 75 130/80 165 180 + + 150 - — - 
14 50. 120/95 160 — — 91 — — — 
15 70 150/70 76 + — 25 — _ - 
16* 64 130/95 155 150 + + 108 — ~ + 
17 60 110/80 153 125 — + 75 — +§ + 
18 60 120/80 116 =: 150 — + 83 + +§ + 
19 85 110/80 122 115 — + 81 — +§ + 
20 Preop 65 140/110 156 140 — + 91 = +§ + 
Postop 64 160/115 ` 160 210 — =- 100 — ~ — 
21 Preop 91 110/80 140 140 + + 64 — +§ — 
Postop 90 120/80 147 170.: - _ 75. = -~ - 
22 Preop 80 120/80 150 150 + + 75 — +§ + 
Postop 90 120/80 151 210 — — 75 — _ — 
Mean + SD 70 +12 123/84 140 + 26 144419 86 + 31 
£13/£12 
Difference. NS NS NS NS NS NS p <0.05 NS NS NS 





BP = blood pressure; ECG = electrocardiogram; EF = ejection fraction; HR = heart rate; LAD = left anterior descending coronary ar- 
tery; LCx = left circumflex coronary artery; LMCA = left main coronary artery; LVH = evidence of left ventricular hypertrophy in the 
electrocardiogram (Estes score +4 points); NS = not significant; Postop = postoperative (thallium-201 studies at rest or after excerise, or 
both, were performed in these seven patients; see text); Preop = preoperative; RCA = right coronary artery; wall ‘‘thinning” = appearance 
of thinning of the left ventricular wall with exercise, suggesting diffuse subendocardial ischemia; see text. 


angina) had the pattern of wall “thinning” alone. The 
other two patients with a focal defect at rest showed no 
new change with exercise. All eight patients who had a 
perfusion imaging abnormality on exercise (either dif- 
fuse or focal) also had angina or. S-T depression, or both. 
The one patient who had neither angina nor S-T de-. 
pression did not have an exercise-related imaging ab- 
normality. ; i 

Two patients with aortic stenosis and coronary artery 
disease had clinical evidence of perioperative myocar- . 
dial infarction (one had aortic valve replacement and 
coronary bypass grafting, and the other had valve re- 
placement alone). Resting thallium-201 myocardial- 
perfusion imaging performed 10 days postoperatively 
showed a new focal defect only in the first patient (Case: 
8), but a gated cardiac blood pool scan showed evidence 
of right ventricular damage in the other (Case 9): 





Another two patients had postoperative thallium-201 
myocardial perfusion imaging at rest and after exercise 
(both had aortic valve replacement and coronary artery 
bypass grafting). The first patient (Case 10) showed a 
reversal of the preoperative imaging and electrocar- 
diographic abnormalities. The other patient (Case 11) 
had a new focal myocardial perfusion defect at rest that 
was not present preoperatively and the left ventricular 
cavity was dilated compared with dimensions in the 


‘preoperative perfusion image at rest (Fig. 4). The elec- 


trocardiogram did not show evidence of new Q waves. 
This patient was now limited by breathlessness rather 
than chest pain with exercise and achieved a lower heart 
rate and blood pressure than preoperatively. One of the 
patients with coronary artery disease (Case 3) died 24 
hours after surgery (aortic valve replacement and by- 
pass grafting to the right coronary artery) despite in- 
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Rest °° SE XERCISE 


* LAO 40% 


traaortic balloon B E N A postmortem ex- ` 
amination was not obtained. This patient had demon- 
strated focal perfusion abnormalities both at rest and’ 
with exercise.as well as marked wall are ee in the 


exercise image. 


Patients With Aortic Stenosis Without Coronary 
‘Artery Disease 


Clinical and sda caiheretiatoi findings’ 
(Table IB): Nine of the 11. patients had a history of ` - 


angina. Four of the 11 had a QS pattern in the anterior 
precordial leads of their electrocardiogram. The mean 


- aortic valve’area for the group was 0.6 cm? and the peak ` 


aortic systolic pressure gradient 77 mm Hg. Six patients 
had minor coronary arterial irregularities not exceeding 


30 percent of luminal diameter and; five had angio- 


graphically normal coronary arteries. 


Exercise testing: Four patients had both angina and : 


S-T depression with exercise, four had S-T depression 


alone and one angina alone: Eight patients achieved 85. : 
` precordial R wave voltage and these patients also no 
` longer had chest pain or S-T depression. All achieved 


` percent of their predicted mean heart rate (P > 0.05), 
and the mean work load achieved by these patients with 
aortic stenosis alone (86 watts) was also significantly 


‘higher-than that of the group with aortic stenosis and © 


coronary artery disease (P < 0.05). © 


Thallium-201 myocardial perfusion i imaging: The f 
left ventricular cavity could not be identified in the- 


anterior view in three patients (Fig. 5). One patient had 


a focal perfusion defect at rest. This patient had Q waves. 











FIGURE 3. Case 3. Thallium-201 myosardial patie = 
` slon Images’ in á patlent with aortic stenosis and 


there Is homogeneous distribution of the tracer. The 
left ventricular cavity can be seen In the left anterior 
~ 2 *'"= oblique (LAQ).projection. After exercise, new focal 
", .*). perfusion defects are noted in both the anterior (ANT) - 
*..*. and 40° left anterlor oblique views, and marked 
Mo “thinning” of the left ventricutar wall is evident in the 
+ a. anterlor view. Below, coronary ang 3 show total 
$ ` occlusion of the right coronary artery (RCA) in the left 
' anterior oblique view. There were no. significant . 

Las t7 Rarrowings of the left anterior descending (LAD) or - 
~.i . circumflex (CIRC) coronary arteries. 


p 


and the contrast ventriculogram revealed sariteds im- ° 


pairment of left ventricular function. 

Five patients manifested new focal perfusion defects 
and ‘algo left ventricular wall “thinning” on exercise © 
imaging (including the patient with a preexisting rest 
focal defect). One patient had wall “thinning” alone and 
another a new focal defect alone. Four of the patients 


‘who had new focal defects had minor degrees of coro- 


nary arterial narrowing on angiography (Tables IA and 


TIA, Fig. 5). All seven patients who manifested an . 


imaging abnormality (either focal or diffuse) on exercise . 
also had angina or.S-T depression, or both. The three. 
patients who had’ neither angina nor S-T TD did 
not have thallium imaging abnormalities. ` 

The three patients with aortic stenosis without cor- 
onary artery disease (Cases 20 to 22) who were réstudied . - 
after aortic valve replacement no longer demonstrated . 
either focal defects.or wall “thinning” after éxercise in. - 
the: postoperative thallium-201 myocardial. perfusion 
images. The electrocardiograms showed reduction in ` 


higher heart ratés, and systolic blood pressure than 


preoperatively (Fig. 5 and 6). 


One patient (Case,16) died immediately after Sarkis . 


. valve replacement; the cause of death was thought to'be 


the “stone heart” syndrome.” The period of aortic 
cross: clamping in this patient was 75 minutés. Post- 


‘mortem examination revealed a a darkened cir- 


coronary artery disease. Above, in the image at,rest, . l 
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LAO 40° 
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FIGURE 4. Case 11. Thalllum-201 myocardial perfusion Images in a`patient with aortic stenosis and coronary artery disease. Above, the resting 
preoperative (PRE OP) Images show relatively homogeneous distribution of the tracer. The left ventricular cavity is not well seen In either the anterlor 
(ANT) or left anterior oblique (LAO) view. On exercise, multiple new focal perfusion defects are noted In both views, and the left ventricular cavity 
is readily apparent. Four months after aortic valve replacement and coronary bypass surgery (POST OP), the resting study shows a focal perfusion 
defect In the anterlor view and dilatation of the left ventricular cavity not seen in the preoperative study, suggesting perloperative damage. Below, 
the coronary arterlograms reveal severe narrowings (70 percent or more) (arrows) In the left circumflex (CIRC) and anterlor descending (LAD) 
coronary arteries (right anterior oblique projection). The right coronary artery (RCA) also shows multipie irregularities. 


cumferential zone throughout the subendocardium. The 
left ventricular wall measured 2 cm in thickness. Mi- 
croscopic examination revealed contraction band ne- 
crosis. Preoperatively, thallium imaging after exercise 
had shown the appearance of left ventricular wall 
“thinning.” 


Discussion 


Wall “thinning” and subendocardial ischemia: 
Our thallium-201 myocardial perfusion imaging find- 
ings suggest that similar mechanisms act to produce 
ischemia in patients with aortic stenosis with and 
without coronary artery disease. The mechanism of 
angina pectoris during exercise in patients with aortic 
stenosis but without significant coronary artery disease 
has been thought to be diffuse subendocardial isch- 
emia.815,16,31-33 The finding of apparent wall “thinning” 
on exercise thallium imaging in many of our patients 


with aortic stenosis both with and without significant 
coronary narrowing is indirect but suggestive evidence 
of this mechanism. Such an appearance is probably due 
to a relative reduction of thallium-201 uptake 
throughout the subendocardium after the injection of 
tracer during peak exercise. 

Evidence that such wall thinning does in fact repre- 
sent subendocardial ischemia rather than an artifact 
due to reduced lung background after exercise is that 
none of the normal subjects showed such changes, 
Moreover, this appearance in the patients with aortic 
stenosis was limited to those who had evidence of ex- 
ercise-induced ischemia—either typical chest pain or 
S-T segment depression, or both. Furthermore, this 
abnormality was no longer seen in the small number of 
patients studied postoperatively. 

Appearance of focal perfusion defects in the 
patients with aortic stenosis without angiograph- 
ically significant coronary artery disease: This 
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FIGURE 5. Case 2f. Thalllum-201 myocardial perfusion Imaging In a ations with aortic stenosis and no significant coronary artery disease. In the 
resting preoperative (PRE OP) Image, note the homogeneous uptake of tracer and absence of a distinct left ventricular cavity. In the exercise pre- 
operative image a focal Inferlor perfusion defect is apparent, suggesting myocardlal ischemia. The exercise Image 4 months postoperatively (POST 
OP) is similar to the preoperative resting image. Lower panel, the preoperative exercise electrocardiogram Is shown to the left and the postoperative 
exercise electrocardiogram to the right. Note left ventricular hypertrophy and appearance of Ischemic S-T segment (ST) changes and pain preop- 
eratively and their absence postoperatively at a higher heart rate (H.R.). Center, the preoperative right coronary (RCA) anglogram Is shown In the 
left anterior oblique projection and the left coronary: anglogram (LCA) In the right anterlor oblique projection. No significant narrowings are noted 
in either vessel. A minor irregularity (30 percent narrowing) Is seen In the left anterlor descending coronary artery (arrow). ANT = anterlor. 
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FIGURE 6. Case 20. Thallium-201 myocardial images in a patient with aortic stenosis and no significant coronary artery disease. Upper, the preoperative 
resting Image shows uniform tracer uptake. The left ventricular cavity is faintly visible. In the exercise image the ventricular free wall shows a striking 
appearance of thinning and the cavity has become much more apparent than in the image at rest. At the apex there is virtual absence of tracer 
uptake. The postoperative exercise study does not show the abnormalities noted preoperatively with exercise. Note a slight Indentatlon of the apex 
whlch may be due to a surgical vent. Lower panel, the preoperative exercise electrocardiogram shows existence of left ventricular hypertrophy 
and significant S-T depression. These changes are absent in the postoperative exercise electrocardiogram. The coronary anglograms (center) 
show no signiflcant narrowtngs In any of the arteries. An Irregularity Involving 30 percent of Iuminal diameter (arrow) Is present in the distal right 
coronary artery. Abbreviations as In Figure 5. 
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FIGURE 7. Proposed mechanism of Ischemia nM <`., 7 
aortic stenosis (see text for discussion). Above, inthe REST (HR=65) 
center are shown schematic diagrams of the cross >- ss 
section of the left ventricle supplied by a normal 

coronary artery (A) and an artery with a subcritical 


nary perfusion (CP) pressure are shown superim- 
posed. The cross-hatched area represents the ef- 
fective-coronary arterlal pressure gradient In the re- 
gion of the myocardium supplied by vessel A (left) and 
by vessel B (right). At rest (above) there Is a pressure 
gradient across the subcritical stenosis In B but resting 
coronary blood flow remains equal in arteries A and 
B. Below, during exercise, heart rate Increases and 
coronary perfusion pressures increase. Left ven- 


tricular end-diastolic pressure (LVEDP) Increases. EXERCISE (HR=130) 


markedly owing to increased venous return to the 
hypertrophied noncompliant ventricle resulting In a 
reduction in the effective diastolic coronary perfusion 
gradient. In the myocardial reglon .suppiled by. A 
subendocardial ischemla may result because of in- 


coronary arterial perfusion gradient. In the myocardial 
reglon supplied by vessel B transmural ischemla may 
result because the effective diastolic coronary arterial ` 
perfuston gradient is reduced In comparison with that 
in region A and coronary arterial flow reserve Is ilm- 
ited. HR = heart rate. ` . . 


observation also requires explanation. It is possible that 


some of the focal defects seen at the apex of the ventricle: 


after exercise were also due to diffuse subendocardial 
ischemia. In normal persons the apex of the left ven- 
tricle is the thinnest portion of the myocardium, often 
only a few millimeters thick. Thallium-201 imaging at 
rest may show an area of reduced tracer uptake at the 
apex reflecting the relatively thinner. myocardium.”* 
After exercise-induced subendocardial ischemia, tracer 
uptake may be evenly reduced throughout the entire 
subendocardium but the ratio of thallium-201 uptake 
at the apex to background uptake may not be sufficient 
to allow visualization, and hence the apex would appear 


as a focal defect. Although this mechanism may account ~ 


for the appearance of apparent apical focal defects in 
thallium-201 uptake after exercise in patients with 
aortic stenosis without coronary artery disease, it cannot 


account for the appearance of new focal thallium-201 _ 


defects in the lateral and inferior areas of the myocar- 
dium such as those noted in two patients’in our study 
(Fig. 5). : 

Significance of subcritical coronary arterial 
narrowing in patients with aortic stenosis: Coronary. 
arterial narrowing of 30 percent or less has not been 
found to result in focal myocardial perfusion defects in 
thallium-201 myocardial perfusion imaging after ex- 


ercise in patients being evaluated for ischemic heart | 
. disease without aortic stenosis or left ventricular hy- 


pertrophy.'® However, the factors responsible for 


ischemia in patients with aortic stenosis are somewhat. 


different. During: exercise in patients with aortic ste- 
nosis several events occur that might tend to convert to 
a critical lesion resulting in focal myocardial ischemia 
a lesion that in other circumstances would be subcritical 
(Fig. 7). Subcritical coronary arterial narrowing of 30 
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percent, although insufficient to cause a reduction in 
flow at rest, may result in a small pressure gradient 
across the stenosis that would tend to increase during 
exercise. The reduced distal coronary perfusion pressure 
in conjunction with an increase in left ventricular dia- 


stolic pressure during exercise in patients with aortic 


stenosis could result in focal myocardial ischemia and 
the appearance of a focal defect in tracer uptake. The 
same explanation might be valid even in those patients 
with aortié stenosis and angiographically completely 
normal coronary arteries because it is well known that 
selective coronary arteriography underestimates the 
severity of coronary arterial narrowing and that nar- 
rowing of approximately 30 to 50 percent of luminal 


‘ diameter may not be appreciated.**8 After relief of the 


aortic stenosis one would expect a more favorable dia- 
stolic pressure gradient for coronary flow that could 
convert the preoperative “critical stenosis” to a “sub- 
critical” lesion and convert the preoperatively abnormal ` 
exercise thallium-201 myocardial perfusion images to 
normal. 

. .Myocardial fibrosis and infarction in aortic 
stenosis: Focal areas of myocardial fibrosis in patients 
with severe aortic stenosis are a common finding at 
postmortem examination.3®40 Prolonged ischemic ep- 


isodes may explain the finding of myocardial infarction 


at postmortem examination in patients without sig- 


nificant coronary artery disease and also the finding of 
. perfusion defects in the resting thallium-201 myocardial 


perfusion images in some of our patients. The electro-. 


cardiographic diagnosis of myocardial infarction in 
_ patients with aortic stenosis is difficult because Q waves 


or “poor R wave progression” across the anterior pre- 
cordium may be due to left ventricular hypertrophy 
alone.?! The finding of a normal preoperative resting 
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thallium-201 image in a patient (Fig. 4) with Q waves 
would favor the diagnosis of left ventricular hypertro- 
phy alone, whereas the finding of a resting imaging de- 
fect suggests myocardial damage and possibly an in- 


creased operative risk.4! A new postoperative defect in ` 


the resting thallium image (Fig. 4) suggests periopera- 
tive myocardial infarction and a poor long-term prog- 


. nosis. However, it should be noted that small apical 


perfusion defects in the resting thallium image area 


common finding in our experience in patients who have - 
had open heart surgery. These apical defects are most. 


likely caused by an apical vent at surgery. 
Clinical implications: Our results suggest that 
thallium-201 myocardial perfusion imaging does not 


. allow adequate separation of patients with aortic ste-. 


nosis who do and do not have coronary artery disease. 
The study also confirms previous reports*!3.42,43 that 
angina pectoris occurs frequently in both groups. The 
exercise edectrocareiogram also failed to distinguish 


those patients with coronary artery disease from those ` 
without, although the latter group tended to have better 
exercise performance. The finding of a diminished 
chronotropic response and low work load achievement 
during exercise in a patient with aortic stenosis might 
therefore be a clue to the presence of coronary artery 
disease. However, we continue to recommend, as have. © 
others,®-13.14,44 that selective coronary arteriography be 
carried out in all adult patients being evaluated for 
aortic valve replacement. 
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The left ventricular hemodynamics of 70 patients with acute myocardial _ 
Infarction were determined from measurements of pulmonary arterlal 


` end-diastollc pressure, cardiac Index, mean arterlal pressure and heart 


rate during the acute phase (first study, 5 hours after admission), 4 to 6 
weeks later (second study, during convalescence) and in 35 percent of 
alll subjects 6 to 12 months after the acute Infarction (third study). Serial 
analysis of serum creatine kinase was carried out during the acute phase. 
The peak CK value normalized for body surface area was used as a rough | 
index of the extent of the acute myocardial necrosis. The condition of all 
survivors of the acute stage Improved. Patients with only slightly reduced 
left ventricular performance during the acute stage recovered to nearly 
normal during convalescence. The condition of patients with greatly re- - 


‘duced loft ventricular function also improved but remained Impaired during 
'. convalescence. In all patients the main changes in left ventricular he- 


modynamics occurred within the first 4 to 6 weeks; there was almost no . 
further alteration during the- following 9 months. 


Left ventricular hemodynamics during the early phase of acute myo- ` 
cardial infarction aswell as alterations sevéral months or years later have 
been extensively studied during the past decade.” Howeyer, only ` 
limited data are available on serial measurements in the same patient 
from the acute to the convalescent phase and up to 1 year after infarc- 
tion.15-!6 In this study we present the clinical and hemodynamic data > 
of 70 patients studied immediately after infarction and during conva- 
lescence (4 to 6 weeks after infarction); 25 patients were restudied 9 to . 
12 months later. The data show that the degree of improvement of the 

impaired left ventricular function depends on the initial deterioration 

and that the improvement develops mainly during thé first 6 weeks aer 


- infarction with no significant change thereafter. 


Material and Methods ' 


Study population: Seventy patients ranging in age fron. 34 to 80 years were 
studied. Each of the 59 men and 11 women had had an acute myocardial in- 
farction (anterior wall in 34, inferior wall in 36). The diagnosis of transmural 
myocardial infarction was subsequently proved by.a typical clinical history of 
an infarction, a prompt rise and fall of the serum levels of creatine kinase (CK 
more than 40 mU-/ ml), serum glutamic oxaloacetic transaminase (SGOT more 
than 15 mU/ml) and-serum lactic dehydrogenase (LDH more than 200 mU/ml) 
and evolutionary S-T segment changes of a miyocardial infarction associated with 
Q waves (0.03 second or more) or QS: cotnplpxest in at least 2 of the 12 electro- 
cardiographic leads. - f 

Patients with a known history of chronic E or restrictive lung disease - 
or mitral valve obstruction were excluded from the investigation. No patient 
had acute pulmonary edema or cardiogenic shock at the time of study. Seven 
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patients had documented previous myocardial infarction. The 


first symptoms occurred 1 to 12 hours before the first study. . 


The same 70 patients were studied again 4 to 6 weeks later 
during convalescence (second study). None of them showed 
clinical, enzymatic or electrocardiographic evidence of a re- 
currence of acute myocardial infarction or intercurrent pul- 
monary embolism between the first and second studies. Six 
to 11 months (mean 9 months) after the infarction, 25 of the 
70 patients (36 pércent) were restudied (third study). Coro- 
nary angiography was included in this study. 

Methods: After the nature of the study was explained to 
the patient or his family and consent was obtained according 
to the principles expressed in the declaration of Helsinki,!” 
study 1 was performed at the bedside in the coronary care unit 
with the patient supine. Studies 2 and 3 were performed in the 
cardiac catheterization laboratory. No medication was given 
before the first study. Patients who had received analgesic 
agents were not studied for at least 60 minutes after the last 
dose. There were no complications in these studies. 

A Swan-Ganz triple lumen catheter (Edwards Laboratories 
Inc., Santa Ana, California)/® was placed in the pulmonary 
artery. The pulmonary arterial end-diastolic pressure was 
used to estimate left ventricular filling pressure.!9-23 A Teflon® 
microcatheter (Sorenson Research, 2505 South West Temple, 
Salt Lake City, Utah) was placed percutaneously into the 
aorta from the brachial or femoral artery. Zero point was 

` measured 5 cm below the sternal angle. The pressures were 
measured with Statham P23db strain gauge transducers and 
recorded on a multichannel recorder; mean pressures were 
obtained by electrical damping. 

Cardiac output was determined with the thermodilution 
technique.‘ Ten ml of sterile 5 percent levulose in iced water 
(0° to 20° C) were injected, and several measurements of 
cardiac output were performed. The mean value of three 
consecutive determinations with a maximal variation of less 
than +5 percent was used. 

Serum CK determinations were performed every 3 or 4 
hours after admission until the CK activity had returned to 
normal values. The peak values in the serum CK curve were 
related to the body surface area and used as a rough estimate 
for the extent of myocardial necrosis.?5-29 Our studies dem- 
onstrated a rough correlation (r = 0.83) between calculated 
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FIGURE 1. Changes in pulmonary arterial end-diastolic pressure 
(PAEDP) from the acute phase (A) to 4-8 weeks {C} In 70 patients with 
acute myocardial infarction. The 70 patlents were separated into three 
groups according to thelr Initial end-diastolic pressure. (Group | = dif- 
ference not significant; groups ll and Ill, P <0.005.) 


infarct size from serial CK determinations and the peak value 
of the CK curve.*° - 

The pulmonary arterial end-diastolic pressure at the time 
of admission was used to separate the 70 patients into three 
groups (Fig. 1): Group I consisted of 22 patients whose end- 
diastolic pressure was 12 mm Hg or less, group II included 31 
patients whose pressure ranged from 13 to 20 mm Hg and 
group III 17 patients whose pressure exceeded 20 mm Hg. The 
calculated quotient of stroke volume index and pulmonary 
arterial end-diastolic pressure was used as an index of left 
ventricular pump function (normal value 4.5 + 0.6 ml/m? per 
mm Hg in our laboratory). 

Patients in groups I and I received no special medication 
during hospitalization except anticoagulant agents (heparin 
and coumarin) and occasionally sedatives. All patients in 
group HNI were treated with digitalis, beginning 2 to 3 days 
after infarction. Between the second and third studies, after 
hospital discharge, the 25 patients restudied were treated with 


















































Hemodynamic Values in Three Patient Groups After Acute Myocardial Infarction 
OK PAEDP Cl (liters/ svi MAP SVI/PAEDP HR 
State (mU/ml per mê) (mm Hg) min per mô) (ml/m?) (mm Hg) (ml/m? per mm Hg) (min71) 
Group | (PAEDP < 12 mm Hg) (no. = 22) 
or 9342.5 ` 2.8 + 0.6 34 + 10 92420 . 4.0 + 2.2 85+ 18 
219 + 139 NS ` e e . NS ; NS . 
nae 10.7 + 2.5 3.3409 45411 94413 4541.6 73411 
Group Il (PAEDP 13 to 20 mm Hg) (no. = 31) 
16.74 2.5 2.9 + 0.7 37+ 11 104 + 16 2.2 + 0.7 ‘81 15 
399 + 181 . NS . NS . NS 
12.3 + 4.8 3.1 + 0.8 44 +16 93 + 11 4.2 + 3.2 74+ 16 
Group Ill (PAEDP >20 mm Hg) (no. = 17) . 
sad 24.8 + 4.1 2.5+ 0.7 26 + 10 99+ 14 1.0 + 0.4 96+ 17 
535 + 215 e NS . NS . e 
ede 16.64 7.5 2.7 + 0.7 35 + 10 96 + 15 2.6 + 1.4 77 + 13 





© = P <0.05. 


A = acute phase of Infarction; C = after 4 to 6 weeks of Infarctlon; CI = 





cardiac index; CKy, = peak serum creatine kinase values related to 


body surface area; HR = heart rate; MAP = mean arterlal pressure; NS = not significant; P = probability; PAEDP = pulmonary arterial end-diastolic 


pressure; SVI = stroke volume Index. 
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Hemodynamic Course of 25 Patients Followed Up 6 to 11 Months (9 m) After Infarction 
; $ ' ` SVI/PAEDP 
State PAEDP (mm Hg) _ Cl (liters/min per m?) HR (min— 1) SVI (mi/mô MAP (mm Hg) (mi/m? per mm Hg) 
Group | (PAEDP < 12 mm Hg) (no. = 9) i 
A 9.93 2.9 + 0.7 © 9423 33 + 12 100 + 21 3.2 4+ 1.9 
` å . e > 
C 10.6 +2 3.2 + 0.7 724 12 45 11 9115 4.24+0.9. — 
9m. 10.042 3.340.5 76 + 16 43 + 8 88 + 16 4.3 4+ 1.2 ; 
A í Group II (PAEDP 13 to 20 mm Hg) (no. = 8) ; l 
A 17342 2.9+0.7 778 l 38 + 8 : 106 + 12 2.2+0.5 
e . 
C 1455 3.2 + 0.6 76415 44+ 13 90 6, 3.34 1.5 
9m 15.05 3.3 + 0.3 79+ 12 4545 92 + 14 3.3 + 1.0 
Group III (PAEDP >20 mm Hg) (no. = 8) 
A 25.0 +5 2.2 0.5 ` 90+ 16 25+6 , 96+ 16 r “1.14 0.4 
e s e e 
C 18.346 2.740.7 79415 36+ 11 96 + 13 ~2.4 + 1.5 
9m 18.08 2.8 + 0.7 95 + 14 2.44 1.5 





« = P <0.05. Abbreviations as in Tabie |. 


a combination of nitrates and beta adrenergic blocking agents 


and, in group III, digitalis. The dose of beta blocking drugs was ° 


subsequently reduced 2 weeks before study 3. At least 48 hours 
before study 3, all médication was withdrawn. 


Statistical analysis: The data were examined with a split l 


plot analysis of variance; differences were considered statis- 
tically significant at the 5 percent level (P <0.05). Mean values 
are reported + standard deviation of the mean. 


Results 


Acute and convalescent phases (Studies 1 and 2): 
Table I summarizes the mean values and standard de- 
viations of the hemodynamic indexes and peak creatine 
kinase (CK) values. 

In group I pulmonary arterial end-diastolic pressure 
remained nearly unchanged between the first and sec- 
ond studies and cardiac index increased significantly 


from 2.8 to 3.3 liters/min - m? (P <0.05). Because heart, 


rate decreased significantly, stroke volume index in- 
. creased as well. 

In group IT end-diastolic pulmonary arterial pressure 
decreased significantly, from 16.7 + 2.5 mm Hg during 
the acute phase to 12.3 + 4.8 mm Hg after 4 to 6 weeks 
(P <0.05). Cardiac index remained unchanged; stroke 
` volume index increased significantly. 


In group III the highest end-diastolic pulmonary 


arterial pressure values were observed during the acute 
phase (24.8 + 4.1 mm Hg). During convalescence this 
value decreased significantly to 16.6 + 7.5 mm Hg, and 


stroke volume index increased significantly from 26 + 


10 to 35 + 10 ml/m? (P <0.05). Because heart rate de- 
creased from 96 + 17 to 77 + 13 beats/min, cardiac index 
improved just slightly. . 

The mean arterial pressure did not change signifi- 
cantly in any group. Within the different groups we 
found a significantly lower peak CK level in group I (219 
+ 139 mU/ml per m? [P <0.05] than in group II (399 + 
181) or III (535 + 215). 

Study 3: The hemodynamic findings in the 25 pa- 

tients studied during the acute phase (Study 1), during 


82 + 12 


. 35+ 10 


- convalescence (Study 2) and 6 to 11 months later (Study l 


3) are shown in Table D. 

. In group Í, pulmonary arterial end- diastolic pressure 
was normal throughout the observation period, but 
stroke volume index increased from the initial level of 
33 + 12 to 45 + 11 ml/m? after 6 weeks and remained 
unchanged thereafter (Fig. 2). 

Patients in group II had a decrease in pulmonary 
arterial end-diastolic pressure from 17.3 + 2 to 14.5 + 
5 mm Hg during convalescence; this value was essen- 
tially unchanged 9 months later. The main increase in 
stroke volume index, from 38 + 7 to 44 + 13 ml/m2?, oc- 
‘curred during the hospital phase without a further in- 
crease in the following months. 

A similar course was observed in group III: Pulmo- 
nary arterial end-diastolic pressure decreased from an 
initially high value (25 + 5 to 18 + 6 mm Hg) after 6 
weeks and did not change in the following observation 
period (18 + 8 mm Hg). Stroke volume index increased 
in the first 6 weeks from 25 + 6 to 36 + 11 ml/m? without 
further alteration at 9 months (Fig. 2). Heart rate, mean 
arterial pressure and the quotient of stroke volume 
index and pulmonary arterial end-diastolic pressure had 
a similar pattern between convalescence and the study 
at 9 months in all three groups and did not change sig- 
nificantly. 

In the seven patients (10 percent) with a history of 
one or more previous myocardial infarctions there was 
a trend to higher end-diastolic pressure in the pulmo- 
nary artery and lower stroke volume index and peak CK 
level than in the patients without a previous infarc- 
tion. 


Discussion 
There is no doubt that clinical prognosis after-acute 


‘myocardial infarction is determined by the degree of 


functional impairment of the left ventricle. Although 
the clinical cardiologist cannot directly measure the 
myocardial fiber shortening or the power of contraction 
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FIGURE 2. Changes In pulmonary arterlal end-diastolic 
pressure (PAEDP) and the stroke volume Index from the 


Stroke volume index 
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acute phase (A) to convalescence (C) and up to 9 months 




















(m) thereafter In 25 patients with acute myocardial in- 
farction. Groups | to Ill, as In Figure 1. èe = P <0.05. 


in man, the secondary data obtained in the laboratory 
in terms of ventricular pressure and volume reflect 
primary muscle functions.3! 

Regarding the course of an acute myocardial infarc- 
tion the clinician wants to know whether impaired left 
ventricular pump function does improve after infarction 
and in which patients such improvement can be ex- 
pected. He also wants to know the degree of improve- 
ment possible and its timing and whether infarct size 
determines the remaining impairment of the left ven- 
tricle or influences the course of hemedynamic changes 
during convalescence. ` 

Hemodynamic assessment of left ventricular 
function: Chatterjee and Swan?! pointed out that de- 
termination of the relation between left ventricular 
stroke volume index or stroke work index and left ven- 
tricular filling pressure is a simple and practical pro- 
cedure for assessing left ventricular pump function. 
They also proposed plotting stroke work index against 
filling pressure in patients with recent myocardial in- 
farction and to compare the data with normal left ven- 
tricular function curves because the ideal way to esti- 
mate cardiac reserve. (evaluation of left ventricular 
pump function from deterrninations of stroke work 
index at various levels of filling pressure?233 during 
various stresses) cannot be performed routinely in these 
patients. ` 

Correlation of hemodynamics in early and late 
phases and state of ventricular function: The ex- 

. perimental data of Kumar et al.34 indicated that left 
ventricular function is impaired after coronary arterial 


ligation but returns toward normal in the recovery ` ` 
phase. Studies during the early phase of an acute myo- _ 


cardial infarction in man also revealed impaired left 
ventricular hemodynamics, but some patients had a 
ventricular function within or even above the usual 
normal range despite the presence of infarction.1-? 
From the data on our patients in group I and their low 
peak serum CK values one would expect that these 
patients had small infarcts that resulted in no signifi- 
cant deterioration of global left ventricular function. 
The use of peak CK values to estimate the extent of 








myocardial necrosis is a qualitative rather than a 
quantitative measure. It does not consider enzyme ki- 
netics or further peaks in the serum CK curve. If one is 
aware of these limitations and of occasional appreciable 
scattering of individual data one may use mean peak CK 
values to separate small from large infarcts. 

Rahimtoola et al.!4 studied 22 patients within the first 
2 days after infarction and 3 to 5 weeks thereafter. They 
separated the patients into three groups, not according 
to the initial level of the left ventricular filling pressure 
as in our study but retrospectively, according to the 
levels of filling pressure and cardiac index in the re- 
covery phase. They found improvement of left ven- 
tricular function in 55 percent of their patients and a 
deterioration in 18 percent. l l 

The goal of our study was to determine the natural 
course of acute myocardial infarction in a larger popu- 
lation of survivors and to derive some prognostic in- 


SVI/PAEDP 


% 100 














A C A c A CcC 

group | group ii groupill 
FIGURE 3. Percent changes In ratio of stroke volume index to pulmonary 
arterial end-diastolic pressure (SVI/PAEDP) from the acute phase (A) 
to convalescence (C) in groups | to Ill. Although a marked improvement 
was seen In groups II and Ill, pump function continued to be impalred 
about 40 percent after 5 weeks in group Ill. The normal ratio in our 
laboratory is 4.5 + 0.6 ml/m?/mm Hg = 100 percent. 
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formation based on the initial hemodynamic values. 
That is why we chose a somewhat different classification 
-. (Fig. 1). In our group III pulmonary arterial end-dia- 
stolic pressure usually decreased and cardiac index in- 
‘creased during convalescence, but we also found two 
patients—similar to three patients in group C of Ra- 
-himtoola et al.!4 who did not follow the common be- 
havior pattern. Although left ventricular function 
showed some improvement in most’of our group III 
patients, it remained impaired during convalescence 
(Fig. 3). If one considers that the highest peak CK values 
were found in this group, loss of contractile mass must 
have been too great to be completely compensated for 
‘by the residual myocardium. 
The hemodynamic values of studies 2 and 3 in group 
` IN might have been influenced by digitalis. Because the 
drug was administered 48 to 72 hours after acute myo- 
‘ cardial infarction, it should not have influenced acute 
infarct size. On the other hand, in patients like those of 
our group HI, who have clinical and hemodynamic signs 
of left heart failure, one cannot presume to stop ad- 
ministration of digitalis. Probably, the hemodynamic 
status of group IH during the second or third study 
would have been worse without digitalis. 
The patients in group II showed a wide range of left 
ventricular performance, with elevated filling pressures 
- and nearly normal or reduced stroke volume. With 
. normalization of the filling pressure during convales- 
cence, left ventricular performance in this group re- 
turned to nearly normal (Fig. 3). After 9 months we 
found no further significant alteration of left ventricular 
hemodynamics at rest in any group (Fig. 2). Thus, any 
mechanism that could result in compensation of the 
impaired left ventricular function should have occurred 
within the first 6 weeks after an infarction. Several 
possible explanations may be discussed. 


Mechanisms for improved left ventricular 


‘function during convalescent stage: The decrease of 
acutely increased pulmonary arterial end-diastolic 
pressure is probably due to changed elastic properties 
of the myocardial wall during the healing phase of an 
infarction. Forrester et al.°4 described a’ decreased 

stiffness of the myocardial wall 1 hour after onset of an 
acute myocardial infarction with aneurysmal bulging 
of the infarcted area, probably due to stress relaxation 
of the noncontracting infarct tissue. Hood et al.3ë and 
Kumar et al.°6 in their experimental studies and Bleifeld 

‘et al.!® in man found a significantly increased stiffness 
in the first days after an infarction. The reason might 


be that hypoxic sarcomeres undergo contracture or 
edema fluid accumulates within the infarcted tissue.! 
The stiffness subsequently decreased in the following 
weeks. This may be one possible explanation for the 
significant decrease of the initially elevated pulmonary 
arterial end-diastolic pressure in groups II and III. 
Dilatation and myocardial hypertrophy are the two ` 
fundamental. ways the heart responds to pressure or 
volume overloads. Echocardiographic studies of Corya: 
et al.3” indicate that dilatation occurs first. From animal 
experiments*®.39 we know that myocardial hypertrophy 


. during chronic pressure or volume overloading develops 


within 2 to 4 weeks. 

This may explain why compensation of the impaired 
left ventricular function occurs mainly within the first 
4 to 6 weeks after infarction. We found almost no change 
thereafter, despite an enforced limitation of activity in 
our patients with impaired function. 

Implications: From these data we may conclude: (1) 
impaired left ventricular pump function improves in 
survivors of an acute myocardial infarction. (2) In pa- 
tients with only slightly reduced left ventricular per- 
formance during the acute phase of infarction, function 
recovers to normal during convalescence, but in patients 
with greatly reduced left ventricular function the latter 
remains impaired during convalescence. (3) The main 
changes in left ventricular hemodynamics occur within 
the first 4 to 6 weeks after infarction with nearly no 
further alteration in the following 9 months. (4) He- 
modynamic changes occur in all groups of patients with 
acute infarction, but infarct size determines the degree 
of residual impairment of left ventricular pump func- 
tion*®; if, from a critical point of view, the loss of con- 
tractile mass during an acute infarct cannot be com- 
pensated for by the residual myocardium, left ventric- 
ular function remains impaired during convalescence 
despite some improvement. These data may be helpful 
in making decisions about duration of hospitalization 
and rehabilitation after uncomplicated completed acute . 
myocardial infarction.*! 
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In this anatomic study of 99 saphenous.vein grafts recovered at autopsy 
from 55 patients who survived aortocoronary bypass for 0 to 75 months, 
a comparison was made between patients with normal and elevated lipid 
levels In regard to the severity of vein graft intimal proliferation and the 
prevalence of true atherosclerosis. Although progression of intimal pro- 
liferation with time occurred in both patient groups, a greater proportion 


of hyperllpemic patients had high grade luminal narrowing of vein grafts ` ` 


as the interval after aortocoronary bypass increased. True atherosclerosis 
did not develop before 12 months in any of the 59 vein grafts from the 27 
normolipemlc and 5 hyperllpemic patlents who survived aortocoronary 
bypass, but It occurred In 3 of 26 vein grafts (11.5 percent) from normo- 
lipemic and 11 of 14 veln grafts (78.6 percent) from hyperiipemic patients 
who survived 13 to 75 months after aortocoronary bypass. The observation 


that microscopic changes of atherosclerosis may occur In saphenous vein 


grafts in some patients without hyperlipemia also emphasizes the Im- 
portance of effective control not only of blood lipids but also of the other 
recognized risk factors for atherosclerosis. 


If the number of aortocoronary bypass operations being performed since 
the initial report of Favaloro! in 1968 is an indication, it can be said 
without equivocation that direct myocardial revascularization using 
saphenous vein grafts is enjoying immense popularity. The 10th year 
of clinical application of the procedure is an opportune time to ascertain 
if atherosclerosis, the disease process affecting coronary arteries that 
aortocoronary bypass has been employed to curb, also occurs in vein 
grafts and, if so, how often, how soon and under what set of circum- 
stances. It is also important to know whether patients with hyperlipemia 
are more vulnerable than normal subjects to the development of vein 
graft atherosclerosis considering that arterial atherosclerosis is accel- 


- erated or occurs prematurely in hyperlipoproteinemia.2~ In an attempt 


to answer these questions crucial to the ultimate fate of aortocoronary 
bypass, we undertook a detailed anatomic study of vein grafts recovered 
at autopsy at various time intervals (up to 75 months) after aortocoro- 
nary bypass and compared the prevalence of vein graft aibereslcnels 
in normolipemic and hyperlipemic patients. 


Material and Methods . 
Patients: Only patients who died from coronary heart disease and ita com- 


-plications and underwent autopsy in one of the hospitals affiliated with Baylor 


College of Medicine from 1973 through 1976 were included in this study (Table 
I). There were 55 patients with 99.vein grafts who had undergone aortocoronary 
bypass 0 to 75 months before the time of death—41 patients with normal lipid 


~ levels (77 vein grafts) and 14 with elevated lipid levels (22 vein grafts). These 


55 patients represent a selected group derived from a clinical experience of more 
than 3,000 cases. Aortocoronary bypass operations in all patients were performed 
using a standard technique. The major portion of the clinical experience of 








TABLE | 


Clinicopathologic Profile of 55 Patients Recelving 99 
Aortocoronary Bypass Saphenous Vein Grafts 








Interval After Bypass 
0-12 5 








75 
Months Months 
Patlent subgroup * NL HL NL HL 
Patients (no.) 27 5 14 9 
Average age (yr) 56 53 54 51 
Sex ratio (M/F) . 22/5 4/1 11/3 7/2 
Blood pressure (mm Hg)* 

Systolic 141 138 136 139 
Diastolic 82 85 83 ` 81 
“Cigarette smokingt - 5/27 1/5 3/14 2/9 

Vein grafts (no.) 

Patients with velin graft intimal 51 8 26 14 

prollferation (no.) 

Grade 1 23 o 0 0 
Grade 2 28 3 9 4 
Grade 3 0 4 15 8 
Grade 4 0 1 2 2 

Patients with vein graft “0 0 3 11 


atherosclerosis (no.) 


HL = hyperlipemia; NL = normolipemia. 
* Average of two separate recordings. 
t 20 or more clgarettes/day. 


aortocoronary bypass from which this autopsy series was de- 
rived has been reported previously.” The normolipemic and 
hyperlipemic patients were fairly well matched in regard to 
age, sex ratio and cigarette smoking habit. None of these pa- 
tients had clinically documented hypertension or diabetes. 
Among the 14 hyperlipemic patients (Table ID), 4 had type 
II, 8 had type IV and 1 each had type II and type V hyperli- 
poproteinemia according to Fredrickson’s phenotyping sys- 
tem.8 Although the hyperlipoproteinemic type-specific 
. therapy of the National Heart, Lung, and Blood Institute was 
recommended, the degree of patient compliance was un- 
known. None of the hyperlipemic patients in our study group 


` 


Percent 


FIGURE 1. Distribution of the different grades (gr) of In- 
timal proliferation in 99 aortocoronary bypass saphenous 
veln grafts, according to the postoperative Intervals 0 to 
12 months and 13 to 75 months and the grouping of 
normolipemic (NL) and hyperlipemlc (HL) patients: 
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TABLE Il 
Total Serum Cholesterol and Serum Triglyceride Levels __ 
Serum Serum 
Cholesterol Triglycerides 
Patient Subgroup (mg/dl) mg/dl) 
Normollpemic (no. = 41) 214-291 101-157 
Hyperlipemic (no. = 14) 
Type II (no. = 4) 308-537 142-194 
Type Ill (no. = 1) 549 765 
Type IV (no. = 8) 183-459 235-987 
Type V (no. = 1) 328* 804 





* a-fractlon = 24 mg/dl; 8-fractlon = 146 mg/dl; very low density 
lipoprotein = 158 mg/dl. 


had statistically significant reduction of blood cholesterol or 
triglyceride levels after aortocoronary bypass. 

Vein grafts: At the time of autopsy, all vein grafts and their 
proximal (aortic) and distal (coronary) sites of anatomoses 
were carefully examined for occlusive lesions. After 24 hours 
of fixation in 10 percent buffered formalin, each vein graft was 
dissected free from the epicardium without damaging its ad- 
ventitia and was sectioned at 90° to its long axis into multiple 
5 mm segments. The most proximal 5 mm of the vein graft was 
left attached to a cuff of the aortic wall to which it was anas- 
tomosed, and the most distal 5 mm of vein graft was likewise 
left attached to a segment of coronary artery. 

All vein graft segments were embedded in paraffin and 
sectioned at a thickness of 5 u. From each tissue block, mul- 
tiple sets of consecutive sections, approximately 200 u apart, ` 
were processed for hematoxylin-eosin, elastic van Gieson and 
either phosphotungstic acid-hematoxylin or Movat penta- 
chrome stains. To demonstrate lipids, oil-red-O stain was 
applied to cryostat sections. i 

Six vein grafts from patients who underwent autopsy within 
6 hours of death were sampled for electron microscopic 
studies, After the initial fixation in formalin, small 1 mm cubes 
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(Tl) is separated from the tunica media (TM) by an Ill defined Internal elastic lamella. In A, the thickness of the intima is about one fifth that of the 
media; in B, the tunica Intima and tunica media are of about equal thickness. Both layers are fibrotic In B. C, a’saphenous vein that had been used 
for aortocoronary bypass for 12 months. Note the exuberant smooth muscle cell proliferation in the intima, which has exceeded the medial thickness 
by the ratlo of 3:1. LS = longitudinal smooth muscle. (Movat pentachrome X240, reduced by 15 percent.) 





FIGURE 3. Electron micrograph of smooth muscle cells in the Intima of a saphenous vein graft. Note the Intracell longitudinally oriented myofibrils 
with dense bodies enveloping the basement membrane of the individual cells and pinocytotic vesicles. The extracel! space Is occupied by collagen 
fibrils and ground substance. (Urany! acetate and lead citrate 8,000, reduced by 15 percent.) } 
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There is grade 4 intimal proliferation with virtual complete obliteration of the graft lumen. (Hematoxylin-eosin X40, reduced by 23 percent.) - 


FIGURE 5 (center). Graft occlusion by a thrombus. -Although the patient survived aortocoronary bypass, for 18 months, the appearance of the graft 
(contracted wall, lack of intimal proliferation and well organized thrombus with multiple recanallzed channels) suggests that closure by thrombus 
had occurred in the early postoperative period. (Movat pentachrome X25, reduced by 23 percent.) i . 


FIGURE 6 (right). Gratt occlusion in a patlent with type II hyperllpoproteinemia who-survived aortocoronary bypass for 22 months. The vein graft, 
which had grade 4 atherosclerotic intimal proliferation with onlya minute residual lumen, is now completely closed by the superimposed thrombus. 


(Hematoxylln-eosin X25, reduced by 23 percent:) 


of the vein graft wall were postfixed in 2 percent osmium te- . 


troxide, dehydrated in graded alcohols and embedded in 

epoxy resin. Thin sections were cut with diamond knives, 

stained with uranyl acetate and lead citrate and examined in 
an RCA EMU-3G electron microscope. 

‘  Asimple grading system was used to quantitate the degree 

of vein graft intimal proliferation, as we have described pre- 

viously. Grades 1, 2, 3 and 4 signified the intimal/medial 


thickness ratio of up to 1, 2, 3 and 4 or greater, respectively, — 


Atherosclerosis of the vein graft was defined as changes in the 


vessel wall comparable with the World Health Organization’s. - 
_description?® of arterial atherosclerosis: “a variable combi- . 


. nation of changes of the intima of arteries (as distinguished 

. from arterioles) consisting of the focal accumulation of lipids, 
complex carbohydrates, blood and blood products, fibrous 
tissue and calcium ‘deposits, associated with medial 
changes.” l j 


Results 


Both the interval after aortocoronary bypass and the l : 
patient’s blood lipid status were important determi- 
nants of vein graft intimal proliferation and athero- 


‘sclerosis. Atherosclerosis, when present, was preceded 
by intimal proliferation, and intimal proliferation in 


some vein grafts appeared to be causally relatéd to ` 


mural (nonocclusive) thrombosis. These changes will 
be described sequentially. -`> 


Vein graft intimal proliferation: All vein grafts 
showed some degree of intimal proliferation; Figure 1 . 
shows the distribution.of the various grades of intimal 
proliferation ‘in different patient subgroups. : 

Quantitatively, intimal proliferation. tended to 
progress with time but such. progression was by no 
means inevitable. When the postoperative interval was 
under 12 months, intimal proliferation in normolipemic 


. patients was confined to either grade 1 (45.1 percent) 


or grade 2 (54.9 percent); no vein grafts showed grade 
3 or grade 4 changes. For the same postoperative in- 


‘terval, the majority of vein grafts in hyperlipemic pa- 


tients had grade 2 (37.5 percent) or grade 3 (50 percent) 
changes; none showed grade 1 and only 12.5 percent 
grade 4 changes. ` , a Ë 
When the postoperative interval was extended to 13 
to 75 months, however, almost the same majority of 
normolipemic (57.7 percent) and hyperlipemic (57.1 
percent) patients had grade 3 intimal proliferation. A 
slightly greater proportion of normolipemic (34.6 per- 


cent) than hyperlipemic (28.6 percent) patients had 


grade 2 intimal proliferation, and this was balanced by 


‘the greater proportion of hyperlipemic (14.3 percent) 


than normolipemic (7.7 percent) patients with grade 4 


` intimal proliferation. When examined more than 12 
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. grade 1 changes. 
Qualitatively, there was no fundamental difference 
._ between normolipemic and hyperlipemic patients in the 
.. histologic appearance of vein graft intimal proliferation. 
‘None of the vein grafts.we examined, irrespective of the 
degree of intimal proliferation, actually became “art- 


- though there might be a superficial resemblance of a 


histologic features and the application of any of various 
-© ‘commonly used connective tissue stains helped to dis- 
tinguish a vein from an artery: in every instance. Intimal - 
Puckening i in vein grafts consisted of various combi- 
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4 
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Atherosclerosis | 


among patlents who survived aortocoronary bypass (ACB) 0 to 12. 


months after aortocoronary: bypass, no vein grafts in- 
either normolipemic or. hyporlipemig patients showed 


erialized” -by the accepted morphologic criteria. Al-` | 


thick-walled.vein to an artery in the routine hematox: . 
. ylin-eosin-stained sections, an understanding of normal 


ys. 8 
er saa 
i 


haton of subendothelial A EN of smooth. 


muacle cells (myointimal cells), deposition of extracell 
fibrocollagenous connective tissue and stainable 


. . proteoglycans, (Fig. 2 and 3). Elastic fibrils were:scarce, _ 
and a compact thick internal elastic membrane was ` ` 


never observed in vein grafts. The characteristically ` 
laminated venous media became fibrotic, as did the . 
usually thick adventitia containing longitudinal muscle 


. bundles. No aneurysmal dilatation of the vein graft Was - l 


observed: . 
- Grade 1 and; to a lesser extant; grade 2 intimal pró- 
liferations were usually diffuse and often resembled: 


' intimal thickening of-aging phlebosclerosis of saphenous 


veins in their normal (native) anatomic position. Grades. 


3 and 4 intimal proliferations occurred more commonly | | 
as a focal lesion. at the sites of anatomoses than’ as a ° 


diffuse process affecting the entire length of the vein 


` graft. Significant (75 percent or greater) cross-sectional 


luminal. narrowirig was not observed in any of the vein. 
grafts. with grade 1 or 2 intimal proliferation. However, _ 
histologically 37 percent (10 of 27) of vein grafts with ` 

grade '3'and virtually all of those with grade 4 intimal . 
proliferation (Fig. 4) had resulted-in 75 percent or 


' greater luminal narrowing at some point. 


. Thrombosis: Recent (unorganized) adusie 
thrombosis was observed in seven vein grafts, all from ` 
patient’ who died within 1 month after aortocoronary 
bypass..Four such thrombi weré found at the distal 


| (coronary arterial) end of anastomosis, two at the mid., . 


section of vein grafts in the Tegion of venous valve 


pockets: and only one at the proximal (aortic) end of 


anastomosis. 

Old. (organized, recanalizéd) sibehisine: thrombus was 
found in 11 vein grafts from patients who died 6 to 70 
months after aortocoronary bypass: at the distal end of 


` ‘anastomosis in 6, at the proximal end of anastomosis in ° 


3 and at the mid section of vein grafts i in 2. Morpho- 





FIGURE 8. Photomicrograph of EN vein graft with a fibromuscular type of siherostlndsis _A, the leslon consists of predonioara intimal 

smooth muscle cell proliferation and extracell accumulation of (unstained) proteoglycans. A thin layer of mural fibrin- -platelet thrombus is adherent 

to the luminal aspect of the endothellum. (Hematoxylin-eosin X600; reduced by 26 percent.) B, an adjacent segrnent of the é same veln graft oe É 
: sie (dark) staining of the intimal cells, In the cryostat section. (Ollved-0. x600, reduced by 26 PA ) : 


+ 
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logically, an organized occlusive thrombus bore no re- 
semblance to intimal proliferation. Precise histologic 
dating of these organized thrombi was almost impossi- 
ble but, in the absence of the tell-tale high grade intimal 
proliferation, it was reasonable to suspect that all but 
one occlusive thrombus had probably occurred during 
the early postoperative period, quite remote from the 
time of death (Fig. 5). The sole exception was a small 
organizing thrombus in a vein graft from a hyperlipemic 
patient that had a lumen all but completely occluded 
by grade 4 atherosclerotic intimal proliferation (Fig. 
6). 

Nonocclusive fibrin or fibrin platelet deposits were 
found in about half of all vein grafts, independent of the 
time interval after aortocoronary bypass and the pa- 
tient’s blood lipid profile. These mural thrombi, varying 
in thickness, usually occurred focally and seldom 
formed a complete coating of the entire luminal surface 
of the intima. In about 50 percent of all vein grafts with 
mural thrombi, the layering appearance of the intima 
suggested a probable cause and effect relation between 
mural thrombi and intimal thickening. 

Atherosclerosis: There was no evidence of athero- 
sclerosis in any of the 59 vein grafts from 27 normoli- 
pemic patients and 5 hyperlipemic patients (all with 
type IV hyperlipoproteinemia) who survived aorto- 
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coronary bypass for less than 12 months. In contrast, 
among patients who survived aortocoronary bypass for 
13 to 75 months, atherosclerosis was present in 3 vein 
grafts from 2 of the 14 normolipemic patients and in 11 
vein grafts from 7 (3 with type II, 2 with type IV and 1 
each with types III and V hyperlipoproteinemia) of the 
9 hyperlipemic patients (Fig. 7). The mean time of onset 
of vein graft atherosclerosis was 29 months after aor- 
tocoronary bypass. 

The histologic spectrum of vein graft atherosclerosis 
resembled that customarily seen in arterial athero- 
sclerosis. This spectrum included predominantly 
smooth muscle cell proliferation with extracell pools of 
proteoglycans (Fig. 8), less cell fibrous thickening with 
foci of calcification (Fig. 9) and the compound intimal 
plaque laden with foam cells and insulated blood and 
plasma proteins (Fig. 10). The amount of oil-red-O- 
stainable intracell and extracell lipids in any individual 


lesion was quite variable. The subendothelial smooth - 


muscle cells of early lesions stained most vividly (Fig. 
8). All vein grafts with atherosclerosis also showed se- 
vere intimal proliferation (grade 3 or grade 4 lesions) 
with 75 percent or greater luminal narrowing. 
Electron microscopically, both modified and typical 
smooth muscle cells were consistently identified in the 
cell portion of vein graft intima, irrespective of the 


FIGURE 9 (left). Photomicrograph of a fibrous plaque type atherosclerosis of saphenous vein graft. There is marked intimal thickening and a large 
calcific (calc) plaque (fragmented during processing) is located close to the lumen. The media (M) and adventitia (A) become an insignificant part 
of the vein graft wall. (Hematoxylin-eosin X 160, reduced by 25 percent.) 


FIGURE 10 (center and right). Photomicrographs of a saphenous vein graft with a complex type of atherosclerosis. A, low magnification view 
showing marked (grade 4) intimal thickening resulting in about 75 percent luminal narrowing. B, high magnification view of the boxed area in A, 
showing subendothelial collection of foam cells and insudated plasma (dark amorphous material). There is prominent vascularization of the vein 
wall. (Movat pentachrome, A X25, B X 160, both reduced by 25 percent.) 
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presence or absence of lipid-laden macrophages and 
calcific deposits. In spite of the suboptimal fixation of 
autopsy materials, the ultrastructure of smooth muscle 
cells was well preserved in selected specimens of the vein 
graft (Fig. 3). The essential characteristics of these 
multipotent mesenchymal cells included longitudinally 


= oriented myofibrils with dense bodies, enveloping 


basement membrane of the individual cells, and pino- 


= cytotic vesicles. In the extracell space, collagen and 


ground gubstances predominated, whereas the elastic 
fibrils were scarce. Nonmembrane-bound lipid vacuoles 
were seen in a number of these smooth muscle cells. 


Discussion 


Prevalence of vein graft atherosclerosis in aor- 
tocoronary bypass: The structural integrity of arterial 
substitutes ultimately dictates the functional success 





_ or failure of vascular reconstructive surgery. In our 


anatomic study of direct myocardial revascularization, 
true atherosclerosis developed in 14 of the 99 vein grafts 
= recovered at autopsy from 55 patients who died up to 


$ _ 75 months postoperatively. Both the interval after by- 
= pass and the patient’s blood lipid profile were important 
| determinants of vein graft atherosclerosis. No vein graft 
` manifested atherosclerotic changes in the first 12 


postoperative months regardless of blood lipid profiles. 
-= Subsequently, only 11.5 percent (3 of 26) of the grafts 

of normolipemic patients manifested histologic changes 
of atherosclerosis compared with 78.6 percent (11 of 14) 
of those from hyperlipemic patients. Because of the 


{selected nature of autopsy material the absolute inci- 


dence of changes in grafts in the overall clinical expe- 
rience cannot be determined, but the difference in in- 


he cidence of changes in these two subgroups can be com- 
pared directly and is strikingly different. The unfa- 


= vorable influence of hyperlipemia has been noted pre- 


E. viously by Barboriak et al.!! In their study, all but one 


_ of the six patients (of eight who had graft atheroscle- 


i rosis) were more than 14 months postoperative and all 
___ had mild to moderately increased blood lipid levels. 


Atherosclerotic susceptibility of vein grafts: Al- 


though fibrotic wall thickening of the vein (phlebos- 
= clerosis) is a natural phenomenon of aging, true ath- 


- erosclerosis rarely occurs in a vein left undisturbed in 
its normal anatomic location.!2 Autogenous vein grafts 


have been used extensively in peripheral vascular sur- 


gery for more than 70 years!* but, although intimal 
thickening is commonplace, true atherosclerosis of vein 


_ grafts has been encountered only sparingly. The first 


= well documented case of vein graft atherosclerosis was 
published in 1961, when Ejrup et al.4 reported its oc- 


A _ currence in a segment of femoral vein that had been 


interposed end to end into the superficial femoral artery 
_ for 3 1/2 years. Another 9 years elapsed before Beebe et 
al.15 described the first example of histologically proved 
| vein graft atherosclerosis 71 months after femoropo- 
-~ pliteal bypass. Both of these two patients had hyper- 
 cholesterolemia. In a follow-up study of 377 vein graft 
bypasses in the leg, Szilagyi et al.!® reported the oc- 
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currence of graft atherosclerosis, but there were no 
significant differences in atherogenic factors in their 22 
patients with and 244 patients without vein graft ath- 
erosclerosis. 

Experimental studies suggest that autogenous vein 
grafts implanted in the arterial circulation are probably 
more susceptible than arteries to atherosclerosis, 
especially in animals with induced hypercholesterol- 
emia.!7-21 Sako!” observed severe atherosclerosis in 
autogenous vein grafts implanted in the abdominal 
aorta of dogs that had consumed a 5 percent cholesterol 
diet for 12 months. Friedman!® also found gross ather- 
omatous deposits in vein grafts implanted in the arterial 
system of rabbits after 6 to 12 weeks of an atherogenic 
diet. Scott et al.!9 observed that in dogs with 8 to 12 
months of sustained hypercholesterolemia atheroscle- 
rosis occurred more frequently in aortic, iliac and fem- 
oral vein grafts than in autogenous aortic grafts, Da- 
cron® tubes or the native arteries. King and Royle?° 
reported that rabbits fed a hypercholesterolemic diet 
for 12 months manifested greater atherosclerosis in 
grafted femoral veins than in the adjacent arteries or the 
veins from which the grafts were taken. In experimental 
aortocoronary bypass using both saphenous vein and 
internal mammary artery grafts in dogs maintained on 
a hyperlipemic diet for 3 to 18 months, Rossiter et al.?! 
found that significant atherosclerosis developed in 82 
percent of vein grafts compared with 33 percent of in- 
ternal mammary artery grafts. The severity of athero- 
sclerotic involvement of the vein grafts was far greater 
than that of the native coronary arteries; this was not 
true for the internal mammary artery grafts. Thus, the 
intrinsic properties of the vein may be a crucial factor 
in atherogenic susceptibility. In a tissue culture study 
of canine artery, vein and venous arterial bypass grafts, 
Larson et al.22 found that venous arterial grafts incor- 
porated more total lipids than normal veins and arteries; 
the increase was reflected in all major lipid classes. 

Vein graft intimal proliferation versus athero- 
sclerosis: That not all intimal thickenings are due to 
atherosclerosis applies to both arteries and veins. As 
defined by the World Health Organization,!° athero- 
sclerosis occurs in medium-sized and large arteries and 
should be separated from the ubiquitous arteriosclerosis 
and arteriolosclerosis of aging.!? Similarly, because in- 
timal proliferation occurs in virtually all vein grafts, 
varying only in degree, it must be distinguished from 
true atherosclerosis with identifiable intra- and extracell 
accumulation of lipids, insudation of blood and blood 
products and calcium deposition in the vessel wall. In 
emphasizing this distinction, one does not preclude the - 
possibility that intimal proliferation may be a precursor 
of atherosclerosis, a possibility that we consider highly 
likely and analogous to the naturally occurring arterial 
atherosclerosis.?* 

The pathogenesis of vein graft intimal proliferation 
remains unresolved. Recent studies?4-?8 have cast se- 
rious doubts on the validity of some of the popular 
theories, such as “arterialization,” interruption of the 
vasa vasorum, mechanical dilation and the angle of 
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implantation. On the other hand, in veins exposed to an 
_ unusual high and pulsatile arterial pressure, endothelial 


injury and mural platelet aggregation are stimuli for 
smooth muscle cell proliferation, a process readily ac- 
celerated in the presence of hyperlipoproteinemia.2* 
Clinical implications: Although vein graft intimal 
proliferation is compatible with early and long-term 
graft patency and its progression is not inevitable,® the 
development of vein graft atherosclerosis poses a more 
serious threat to the durability of myocardial revascu- 
larization with aortocoronary vein bypass grafts and, 
ultimately, to patient survival. Fortunately, in the 
overall clinical experience from which our autopsy 
material was derived, the large majority of vein grafts 
displayed satisfactory long-term angiographic features 
up to 7 years postoperatively.’ In 193 grafts from 131 
patients that also were examined angiographically 60 
to 88 months postoperatively, the graft patency rate was 


‘90.7 percent (175 of 193).! Only two grafts (in the same 
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hyperlipemic patient) showed significant angiographic 
evidence of atherosclerosis. Overall patient survival in 
677 patients approached 92 percent at 5 years. 
Despite these highly satisfactory late angiographic 
findings, the significant histologic changes noted in our 





study emphasize the need for continued control of the 
atherogenic process. If there is confirmation of the 
causal relation between hyperlipoproteinemia and ac- 
celerated vein graft atherosclerosis strongly suggested 


by this and other studies, it would be desirable to make G 


vigorous attempts to reduce effectively the blood lipid 
levels in patients at risk. The mere act of prescribing 


therapy is not enough; steps to ensure patient compli- _ 
ance must also be taken.?9 Already there are indications _ 


that progression of early atherosclerosis may be pre- 


vented in the peripheral artery of effectively treated _ 


hyperlipoproteinemic patients.°° Any blood lipid-low- 
ering regimen should preferably begin before aorto- 


coronary bypass and continue after the revasculariza- 


tion with close supervision. Antiplatelet agents may also 


be a potentially beneficial therapeutic adjunct to be — 
considered for experimental and clinical trials. In ad- — 


dition, the observation that vein graft atherosclerosis 


may occasionally occur in the absence of hyperlipemia _ 
emphasizes the importance of continued control of other 
recognized risk factors. Finally, it is hoped that con- 

tinued study of atherosclerosis in vein grafts may pro- 


vide further knowledge about the mechanisms respon- 
sible for atherosclerosis in general. 


References 


= 


. Favaloro RG: Saphenous vein graft autograft replacement of se- 
vere segmental coronary artery occlusion. Operative technique. 
Ann Thorac Surg 5:334-339, 1968 

2. Roberts WC, Ferrans VJ, Levy RI, et al: Cardiovascular pathology 

in hyperlipoproteinemia. Anatomic observations in 42 necropsy 
patients with normal or abnormal serum lipoprotein patterns. Am 
J Cardiol 31:557-570, 1973 

3. Salel AF, Riggs K, Mason DT, et al: The importance of type IV 
hyperlipoproteinemia as a predisposing factor in coronary artery 
disease. Am J Med 57:897-903, 1974 

. Murray RG, Tweddel A, Third JLHC, et al: Relation between extent 
of coronary artery disease and severity of hyperlipoproteinemia. 
Br Heart J 37:1205-1209, 1975 

5. Morris GC Jr, Howell JF, Crawford ES, et al: The distal coronary 

bypass. Ann Surg 183:101-106, 1970 

6. Lawrie GM, Lie JT, Morris GC Jr, et al: Vein graft patency and 
intimal proliferation after . Early and long-term 
anglopathologic correlations. Am J Cardiol 38:856-862, 1976 

. Lawrle GM, Morris GC Jr, Chapman DW, et al: Patterns of patency 
of 596 vein grafts up to seven years after aortocoronary bypass. 
J Thorac Cardiovasc Surg 73:443-448, 1977 

. Fredrickson DS, Levy Ri: Familial hyperlipoproteinemia. In, The 

Metabolic Basis of Inherited Disease, third edition (Stanbury JB, 

Wyngaarden JB, Fredrickson DS, ed). New York, McGraw-Hill, 

1972, p 554-614 

Fredrickson DS, Bonnell M, Levy RI, et al: The Dietary Manage- 

ment of Hyperlipoproteinemia: A Handbook for Physicians and 
Dietitians. Publication 75-110, Bethesda, Maryland, US Department 
z Health, Education, and Welfare, National Institutes of Health, 
1974 
10. World Health Organization: Classification of Atherosclerotic Le- 
sions: Report of a Study Group. Technical Report Series. Publi- 
cation 143. Geneva, World Health Organization, 1958, p 3-20 

11. Barborlak JJ, Pintar K, Korns ME: Atherosclerosis in aortocoronary 
vein grafts. Lancet 2:621-624, 1974 

12. Lie JT: Normal structure and reactive changes of the vascular 

system. In, Allen-Barker-Hines’ Peripheral Vascular Diseases, fifth 

edition. Philadelphia, WB Saunders, in press 


> 


N 


13. Harrison LH: Historical aspects in the development of venous 


autografts. Ann Surg 183:101-106, 1976 
14. Ejrup B, Hiertonn T, Moberg A: Atheromatous changes in autog- 
enous venous grafts. Functional and anatomical aspects: |. Case 
Report. Acta Chir Scand 121:211-218, 1961 
15. Beebe HG, Clark WF, DeWeese JA: Atherosclerotic change oc- 
curring in an autogenous venous arterial graft. Arch Surg 101: 
85-88, 1970 
16. Szilagyi DE, Elliott JP, Hageman JH, et al: Biologic fate of au- 
togenous vein implants as arterial substitutes. Clinical, angiographic 
and histopathologic observations in femoropopliteal operations 
for atherosclerosis. Ann Surg 178:232-246, 1973 
17. Sako Y: Susceptibility of autologous vein grafts to atheromatous 
degeneration. Surg Forum 12:247-249, 1961 
18. Friedman M: Spontaneous atherosclerosis and experimental 
thromboatherosclerosis. Arch Pathol 76:571-577, 1963 
19. Scott HW Jr, Morgan CV, Bolasny BL, et al: Experimental ath- 
erosclerosis in autogenous venous grafts. Arch Surg 101:677-682, 
1970 
20. King P, Royle JP: Autogenous vein grafting in atheromatous rabbits. 
Cardiovasc Res 6:627-633, 1972 
Rossiter SJ, Brody WR, Kosek JC, et al: Internal mammary artery 
versus autogenous vein for coronary artery bypass graft. Circulation 
50:1236-1243, 1974 
Larson RM, Hagen PO, Fuchs JCA: Lipid biosynthesis in arteries, 
veins and venous grafts (abstr). Circulation 50: Suppl Ill: IIl-139, 
1974 
23. Ross R, Glomset JA: Atherosclerosis and the arterial smooth 
muscle cells. Science 180:1332-1339, 1973 
. Mullerworth MH, Daniel FJ, Lie JT: The fate of internal mammary 
arterial implants and bypass conduits for myocardial revascular- 
ization. Experimental anglographic, histologic, and ultrastructural 
observations. J Thorac Cardiovasc Surg 70:89-99, 1975 


P 
-i 


2 


D 


2 


> 


25. 


a 


nonlinear elastic of normal and arterialized venous tissue 
in dog and man. Circ Res 37:509-520, 1975 

26. Storm FK, Glerson ED, Sparks FC, et al: Autogenous vein bypass 
grafts. Biologic effects of mechanical dilation and adventitial 


| December 1977 The American Journal of CARDIOLOGY Volume 40 913 


Wesly RLR, Vaishnav RN, Fuchs JCA, et al: Static linear and - 


To pro 


why burden 
your patient 


fle 50 mEq. potassium. 


with as many 
as 8 slow-release 
tablets a day? 





just 2 tablets 


KLYTE 


Each effervescent tablet in solution supplies 
25 mEq. potassium as bicarbonate and citrate 


e Two easy-to-take flavors 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison’s disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 
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Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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Our response to challenge and progress. 


Certainly there are a variety of pacemakers 
available today. Some manufacturers offer 
you size as a feature. Some offer longevity 
at the expense of size. Still others claim 
their productis built for special types of 
pacing situations. 


At Intermedics we consider ourselves 
unique in the industry because we can pro- 
vide you with all of these preferred features 
in our complete quality line of cardiac pulse 
generators. They're available in three 
unique series...fhe InterLith, the InterLith 
RP and the ThinLith, each providing the 
doctor with distinctive features to suit a 
patient's particular needs. 


THE INTERLITH SERIES. Available in 
unipolar or bipolar configurations, the 
InterLith has been the choice of pacemaker 
implants around the world. Its lithium cell 
plus low current drain under load give the 
InterLith a theoretical life expectancy in 
excess of 12 years. * 


THE INTERLITH RATE 
PROGRAMMABLE SERIES. Intermedics’ 
most significant recent development, the 
InterLith RP, embodies the most straight- 


forward, uncomplicated system in the industry 


with the superior longevity of a lithium 
powered cell. Also available in unipolar or 
bipolar configurations, it is programmable to 
seven pacing rates—60, 65, 72, 80, 90, 

103, and 120. And its unique failsafe design 
eliminates accidental reprogramming. 


THE THINLITH SERIES. With the Thin Lith, 
Intermedics offers you the thinnest 
pacemaker available today. This unipolar 
pacemaker, measuring only 11.1mm in 
thickness, virtually eliminates the skin bulge 
common with other pulse generators, adds 
to patient comfort and greatly reduces skin 


pressure necrosis. Each model in this se- 
ries is unique in battery capacity, providing 
varying degrees of pacemaker longevity. 


Whichever Intermedics pacemaker you 
prescribe, you can depend on the highly re- 
liable Catalyst Research lithium-iodine bat- 
tery, a product of nine years of research and 
manufacturing with clinical experience in- 
cluding over 150,000 units without a single 
battery failure. Plus the dependable, dou- 
ble diffusion c-mos circuitry that provides 
optimum sensing and stimulation perfor- 
mance, even at low voltage levels. What’s 
more, every Intermedics pacemaker is 
backed by a replacement credit agree- 
ment, some extending up to 96 months. 
That's the Intermedics Collection. Reliability, 
size and an option in pacing technique. 
The choice is yours. 


For the location of your nearest Intermedics 
representative, or for additional product 
information, call toll-free 1-800-231-2330. 
In Texas, call collect 1-713-233-8611. 


+ Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 


“Based on 72 BPM, 500 OHM load and 100% pacing. 


InterLith and ThinLith are registered trademarks of 
Intermedics, Inc. 
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~ When 1 speed and clarity count, 
in film and paper processing, 
count on Oscar Fisher. 


In diagnostic cardiology—where clarity of 
« information and speed of delivery is crucial — 
Oscar Fisher equipment delivers. 

Delivers fast processing of cinefluorographic 
film and electrocardiograph paper — so vital 
for fast, accurate diagnosis. 

Delivers a speed for every need. (In almost 
every case faster than comparable units that 
cost a lot more.) 

Delivers exacting design standards, stringent 
quality control, and simplified operation. 





POLYTRACK PROCESSALL 


MINISCOMAT 


In short, Oscar Fisher delivers the finest film 
and paper processing equipment you can buy. 
At any price. 

In a field where down-time can be a matter 
of life or death, Oscar Fisher really stands 
up. 

No wonder more and more people are 
learning that when it really counts, you can 
count on Oscar Fisher. 

For more information contact us or your 
nearest Oscar Fisher dealer. 
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MARK 16/35 


Speeds up to 24 f. p. m. 


TT. 


Mv 


Processes up to 4 diagnostic films. 
In cine fluorography, you want 
fast results — but not at the price of 

fuzzy film detail. The Processall 
gives you fine grain yield, superior 
resolution for a sharp image and 
all the detail you need for an 
accurate diagnosis. 

And with the addition of the 
moderately-priced Polytrack 
Modification any Processall gains 
the added flexibility of being able 
to process 4 diagnostic films at any 
interval. The operator doesn't 
have to wait for the first cassette 
to be finished before inserting the 
second, third or fourth film, or 
stop the machine. 

Features: è Fixation and Drying 
e Variable Speed and Temperature 
Control e 316L Stainless Steel 
Construction. 
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Speeds up to 10 f. p. m. 


Processes Electrocardiograph 
Paper in widths up to 20 inches. 

Features: ¢ Fine Grain Minimal 
Infectious Development ù Surface 
Applicator for Finer Dry-to-Dry 
Processing. Portable e Compact 
è Sharper Image Definition è Lower 
Base Fog Ħ No Darkroom ¢ Absolute 
Dependability e Anyone Can Learn to 
Operate it in an Hour. 316L Stain- 
less Steel Construction Throughout 
for Years of Maintenance-Free 
Operation. 


Speeds up to 75 f. p. m. 


Processes diagnostic cine- 
fluorographic films. 

Secures full tonal reproduction 
and complete clarity without 
artifacts. Adjustable speed and 
temperature controls permit 
selection of proper parameters for 
desired density, gamma, and 
acutance. True, quality control is 
simple and repeatable. Fully adjust- 
able controls let you use standard 
or “‘hot’’ developing solutions. 

Features: è Daylight Operated. 

e Easy to Learn. è Portable. ¢ Dry- 
to-Dry. ¢ Constructed of 316L 
Stainless Steel Inside and Out. 

The Mark 16/35 is shipped com- 

plete — no accessories are required. 


OSCAR FISHER CO, INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 TELEPHONE (914) 562-3900 


All equipment manufactured by Oscar Fisher Company, Inc., is on GSA Contract. 


Philips 
Computerized X-ray 
Generator Guarantees 
Optimum Technique 
for Every Exposure! 





PHILIPS Optimus M200. 


the ultimate clinical application of computer technology 
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The Computer: Medical Language, Medical Results 
Consider computer technology completely dedicated 
to cardiovascular diagnostics...micro-circuitry that 
thinks and operates in your language according to 
your parameters and your procedure needs. Consider 
technology advanced to a degree that guarantees the 
perfect exposure for every run on every patient, re- 
gardless of age, size or weight. Thisis the OPTIMUS. 


Full automation makes such accuracy simple for you. 
A range of programs covering every examination 
technique is built into the generator at installation. You 
select the medical parameters for each program. For 
examination, simply turn on the generator and press 
one button for the program you want. The OPTIMUS 
does the rest. 


Patient Measuring Shots: Your Instant Preview 
Automatically (in 5 miiliseconds), the OPTIMUS 
measures the absorption characteristics of the pa- 
tient and then the computer selects the exact factors 
for an ideal exposure. Factors are selected in discrete 
mA/kV steps. Your technique is always the highest 
mA and the lowest kV. 


In a fraction of a second, all other technical param- 
eters are calculated and set by the generator. You're 
insured perfect results before the cine run starts. 
The measuring shots can be engaged at any time to 
determine optimum technique for any projection. 


Measuring shots drastically reduce the radiation dose 
required by less automated systems to determine 
technique factors. In the time equivalent to one cine 
frame, you know exactly what the results will be. 


Procedure interruptions due to factor adjustment or 
“trial and error test shots”are eliminated. You and the 
technician devote minimum attention to technique 
selection and maximum attention to your patient. 


A New Standard of Image Quality 

The OPTIMUS’ high output permits short exposures 
with low tube tensions. As a result, images are rich in 
contrast and detail. Low kV lets you visualize ex- 
tremely small vessels with unprecedented ease. And 
not only are geometric unsharpness and motion un- 
sharpness both minimized, but the OPTIMUS automat- 
ically weighs one against the other in selecting the 
technique which optimizes image quality. 


From Maximum to Minimum Instantly 

The OPTIMUS’ secondary tetrode system switches 
exposures on and off and also regulates the kVp level. 
Now it’s possible to change technique from maximum 
to minimum instantly. This is the same basic concept 
Philips’ cine pulse has used successfully for the past 
twenty years! 


Full Generator Use 

More than any other system on the market, the 
OPTIMUS gives you the full capability of a generator. 
Over 100 hospitals throughout the world are enjoying 
that OPTIMUS capability right now! It’s the product 
of all Philips’ experience in both generators and com- 
puter technology...the logical result of progress from 
Philips’ cine pulse to automated Modular Genera- 
tors to Anatomically Programmed Radiography. The 
OPTIMUS: it's the most logical choice for you, too. 


PHILIPS 


® TMN.V. Philips of Holland 







Press one 
button for 
optimum 
technique 
for every 
exposure. 


A built-in 
memory lets you 
change technique 
and return to 

the initial program 
with no operator 
changes — for 
every patient! 


D J A 
Secondary tetrodes — 
another first from 
Philips... 

20 years ago! 


The OPTIMUS: 
computerized 
because it does 
ajob only a 
computer can do! 





For more information, contact 
your Philips’ representative. 
Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 ‘ 



















INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase ‘‘Address 
for reprints: ..."' followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 


y 


The editors of THE AMERICAN J 
cise articles devoted to cardiovi 
uted solely to THE AMERICAN JO 
property of the Publisher. The Pt 
all published material, and such n 
without the written permission o 
the responsibility of the authors. . 
processing of manuscripts if thes 


tion in text determines the number giv: 
to each.) 

e Place acknowledgments at end 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order 
which they are mentioned in text. 

e Provide concluding page numbers | 
all journal references and specific pa 
numbers for all book references. In 
cate all abstracts by the abbreviati 
(abstr). 

e Follow the general arrangement, a 
breviations and punctuation styl 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after le 
page of references. 

e Identify at the end of each legend ai 
in alphabetical order all abbreviations 
the figure described. 


THE TABLES 


e Start each table at top of new page 
e Type in duplicate; double-space. 


Examples of 
For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinbe 
The effects of « 
and blood coagu] 
Pharmacol Exp T! 


(Author: please note that no p 


For books (edited by other than author of 


28. Schiebler GL, Va 
Diseases of the 
Heart Disease ir 
lescents (Moss A 
Williams & Wilki 


For books (with identical author and edito 


36. Berne E: Princip 
York, Oxford Uni 


(Author: all book references 
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For/out of 10 patie: 
your present defibrillat 
may be powerful enoug 


- But more importar 
3 out of 10 it may not be 





INCLOLIL SLUUINDS UI UL” 
llation have disclosed 
e disquieting facts: *‘the 
ess rate for defibrillation 
uman adults is only about 
) with defibrillators which 
ver 300 watt-seconds 
nergy. ’* And ‘‘the prob- 
ity of defibrillating a sub- 
who weighs over 220 
nds is extremely low.’ ’* 
se studies have produced 
‘ollowing finding: ‘‘virtu- 
all defibrillators now in 
have inadequate output 
2fibrillate many human 
tsi 

Because of this, we 


2loped the Datascope M/D2J. A Sobi 
brillator capable of delivering not 300, or the 
ely available 320, but 460 watt-seconds of 
‘gy. Fully 1/3 more energy than most any other 
able defibrillator made today. 

Which means,very simply, that you have 
e capability when you need it. 

But the Datascope M/D2J doesn’t just de- 
r more energy than other defibrillators. It tells 
more about what it’s delivering. 

It is the only defibrillator in the world that 


py Ate earl aaa 


ls the current delivered 
ie subject during de- 
lation. (Energy 
luces current. But 


entis what produces | 


ER, JR., W. A.: ELECTRICAL DOSE FOR 
ILLATION. CARDIAC DEFIBRILLATION § 
RENCE, PURDUE UNIVERSITY, 
21-7, OCT. ‘75 
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current is the truly meanin, 
ful measure.) It also reads 
selected delivered energy. 
And delivered energy into 
built-in test load. And inst 
of test lights, or ready lighi 
all readings are precisely 
shown on a bright digital 
display. 

To this point, we’ ve 


_ been discussing the M/D2. 


as if it were merely a defib 
lator. Of course, it’s amon 
itor/defibrillator. The defit 
rillator is an impressive pa 
But the other parts are equi 
ly impressive. The M/D2J 


offers the finest non-fade monitor of any 
monitor/defibrillator in emergency medicine. 
And it offers the new Databank. The first 
cassette recording system in emergency medici 
An instrument that does away with the bulk of 
paper recording while allowing you to record ní 
merely ECG, but also to record the detailed 
management of the patient verbally onto the tar 
Which means that in addition to offering 
more energy, our system offers more capability 
than any monitor/ defibrillator i in the world. 













For more 

S information on tł 
+ new M/D3J, wri 
| Datascope Corp. 
- 580 Winters Ave 
Paramus,N.J.07 


The new M/D2J 
with Databank. 










""h t* ‘ould you c il 
a scanner that’s priced 
for private practice 
and so easy to use 
you can scan it , 
yourself? 


Simply beautiful. 


Actually, we call it our Model 655 Electrocardio- 
scanner.® But the way it scans our two-channel Model 
445 Mini-Holter Recorder tapes is simply beautiful. The 
655 provides the ultimate in simplicity to the operator, 
while providing ECG scanning at 120 times real time, 
and documentation in less time than ever before. At a 
price that's perfect for private practice. 

For easy arrhythmia findability, we jog its memory. 
Literally. We combined a new servo-controlled tape 
deck with our Arrhythmiagraph® providing the capa- 
bility to continuously jog back and forth throughout 
the tape. 

Our new 655 Electrocardioscanner is just one more 
example of why we ask questions before we build 
answers. You wanted a Holter scanner that was easy 
to operate at a lower price. And who could fill that 
order better. After all... 

“HOLTER MONITORING™ IS OUR TRADEMARK”? 


DEL MAR AVIONICS 


1601 Alton Avenue, Irvine, CA 92714 * (714) 549-1500 


ATLANTA h Boer 0612; BALTIMORE (301) 265-1320; BOSTON (617) 942-0230; CHICAGO Si) 956-6520; Sak Spaeth REER: 874-8600; DENVER AS) 344-5 
f 4 OIT (313) 559-6863; HOUSTON (713) 626-2320; LOS ANGELES (213) 640-2282; MIAMI (305) 981-0405; MINNEAPOLIS (612) 854-8 
NEWS YORK (203) 327-7294; SAN FRANCISCO (415) 349-9102; ST. LOUIS (314) 739-8151; EUROPE 720-7405 Telex 617-91 (Brussels, Belaian. 
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„â highly stable tablet for aborting o 
preventing attacks of angina pecto; 


ISORDIL SUBLINGUAL Tablets retain their potency without significant loss or 
variation for at least two years under normal conditions* 


-lapid onset of action Starts to act almost as fast as nitroglycerin. 


---long duration of action Action is maintained for up to two hours... Dilatation of 
collateral coronary arteries persists for more than two hours after sublingual admi; 


“Indications: Based on a review of this dru by the National Academy of Sciences —Nationa 
other information, FDA has classified the in ications as follows: 

“Probably” effective: When taken by the sublingual route, Isordil Sublingual is indicated for tt 
anginal attacks and for prophylaxis in situations likely to provoke such attacks, 

Final classification of the less-than-effective indications requires further investigation. 







Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites during the early days of the acute phase 
during which clinical and laboratory findings are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other nitritesan litrates may occu 
Adverse Reactions: Cutaneous vasodilation with flushing. H he is common and may be se 
Transient episodes of dizziness and weakness as well as other signs of cerebral ischemia associ: 
hypotension may occasionally develop. This dru canact as a physiological antagonist to norepi 
histamine, and many other agents. An sional individual exhibits z n 
Marked sensitivity to the hypotensive ts of nitrite, and severe ; 
responses (nausea, vomiting , restlessness, pallor, 
perspiration and coll “Can occur even with the usual therapeutic — 
dose. Alcohol qaywenhance this effect. Drug rash and/or exfoliative 

d i occasionally occur, ; ao 
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astilt direc tion circular before prescribing. as 

y we send you reprints, detailed information and/or 
_ Professional samples? ou oe 
_ tDate on file at ives Laboratories Inc, © ` 






ave QONE it better. We Nave Deen the leader in automatic 
blood pressure instrumentation for more than a decade— ng 
to mention Holter Monitoring, our trademark 

And we did it in such a way that you could pick right up wł 
Holter Monitoring left off— by introducing Pressurometer® Il 
Our Model 1977 Pressurometer automatically takes b 
pressure at 100 programmed intervals around-the-cloc 
The information is recorded on our new Model 446A 
Electrocardiocorder® during its recording of two 
electrocardiograms, and is scanned and written out on our 
660A Electrocardioscanner®, with a new module that ¢ 
digital readouts and a trend chart of systolic and dias tO 6 
blood pressure 

Your existing 660A and 445 Recorders can be updated ta 
accept Pressurometer II 

Pressurometer Il, coupled with your new or modified 
Electrocardiocorder and 660A Electrocardioscanner 
completely updates any Dynamic Electrocardiography” s 
Now you can have your 24-hour ECG and bl ; 
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DEL MAR AVIONICS 


/ 1601 Alton Avenue at Redhill AJC-12 
| Irvine, California 92714 * (714) 549-1500 


O Please send me more information on Del Mar 
A= Avionics’ new Pressurometer II. 
O Please schedule me for a visiting demonstration. 





Name and Title 





Organization 





Address 


Phone 





City State Zip 





to produce a really rugged transducer capable of withstanding 
rigorous use in a busy hospital 


to develop and introduce the prepackaged, sterile disposable 
domes, eliminating the need to sterilize the transducer 


and now Bentley Laboratories, Inc. is first to offer a two year warranty 
when you use our transducers and disposable domes. We're that 
confident of the dependability of our products. For order and price 
information, call your Bentley representative, or contact: 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue 

Irvine, California 92714 

(714) 546-8020 











EXPERIMENTAL STUDIES 





Longitudinal Dissociation of Bachmann’s Bundle As a Mechanism 
Of Paroxysmal Supraventricular Tachycardia 


SATOSHI OGAWA, MD A recent study has Identified functional dissociation of atrial conduction 
LEONARD S. DREIFUS, MD, FACC In the genesis of sinus nodal reentry. The present study attempted to 
MARY JANE OSMICK : Identify the spread of activation within Bachmann’s bundle using the ex- 
Philadelphia, Pennsylvania trastimulus method In 17 dogs to provide further evidence for functional 
dissociation within or near Bachmann’s bundle as a mechanism of par- 
oxysmal supraventricular tachycardia. Premature stimull were introduced 
in the high left atrium. In nine dogs of Group 1, recordings were obtained 
` from the left atrial portion of Bachmann’s bundle, high right atrium and 
both appendages. In six of the nine dogs achlevement of critical delay In 
the interatrial conduction time (30 to 90 msec) resulted in echo beats with 
a similar activation sequence to that of high left atrial paced beats. In three 
of these six dogs the Interatrial conduction time was abruptly Increased 
from 25 to 50, 50 to 90 and 15 to 50 msec, respectively (with 10 msec 
decrements of coupling Interval) at the critical coupling Intervals, ac- 
counting for the discontinuous response curves. In another elght dogs 
(Group 2) Bachmann’s bundle conduction was further studied with two 
additional recording electrodes Impaled along Bachmann’s bundle be- 
tween the high right and high left atrial electrodes. Longitudinal disso- 
clation of Bachmann’s bundle was suggested by fragmentation of elec- 
trograms with Initiation of a secondary wave. Induction and site of reentry 
appeared to be closely related to the appearance of fragmentation of the 
electrograms in the area of Bachmann’s bundle. 

It is concluded that (1) Bachmann’s bundle could undergo functional 
dissociation as evidenced by fragmentation of electrograms and dis- 
continuous curves, (2) Bachmann’s bundle reentry should be considered 
one mechanism of supraventricular tachycardia, and (3) reentry within 
the sinus and atrloventricular nodes, Intraatrlal or Bachmann’s bundle Is 
indistinguishable without precise mapping of atrial activation. 


Paroxysmal supraventricular tachycardia occurs when a critical atrio- 
ventricular (A-V) nodal conduction delay is achieved with premature 
atrial stimulation or during pacing-induced Wenckebach periods. This 
phenomenon has been explained by A-V nodal reentry resulting from 
functional dissociation of different groups of A-V nodal cells.? In addi- 
tion, sinus nodal reentry has been proposed as anothér mechanism of 
supraventricular tachycardia.>-!° Han et al.,4 using isolated rabbit hearts, 
demonstrated evidence suggesting functional dissociation in the sinus 
node as a mechanism for sinoatrial reciprocation; Strauss and Bigger! 
proposed reentry within the perinodal area as an alternate explanation 


D . for this phenomenon. 
Se and thè eae iba seis In contrast, less is known about reentry within the atria. Allessie et 
Thomas Jefferson University, Philadelphia, ` al.1213 studied the mechanism of tachycardia using isolated segments 
Pennsylvania. Manuscript received April 25, 1977; of rabbit atrial muscle. These investigators demonstrated a circus _ 
revised manuscript received June’3, 1977, ac-" movement in a small piece of atrial muscle induced by a single premature - 
eA Satoshi Ogawa, MD, The ` stimulus as an underlying mechanism of atrial reentry. 
Lankenau Hospital, Lancaster and City Line Ave- This study was designed to provide evidence for longitudinal disso- 


nues, Philadelphia, Pennsylvania 19151. ciation of atrial conduction through or in the region of the interatrial 


t 


December 1977 The American Journal of CARDIOLOGY Volume 40 915. 








BACHMANN'S BUNDLE REENTRY TACHYCARDIA-—-OGAWA ET AL. 





band (Bachmann’s bundle) and to define the determi- 
nants for the induction of reentry within this area. 


. Methods 

Seventeen healthy mongrel dogs (weight 17 to 22 kg) were 
anesthetized with sodium pentobarbitol (30 mg/kg body 
weight), intubated and ventilated with a Harvard respirator 
using room air. The heart was exposed with a midsternal 
incision and suspended in a pericardial cradle. 

Group 1: In nine dogs, four bipolar Teflon®-coated plunge 
electrodes with an interelectrode distance of 1 to 2mm were 
impaled 1 mm below the epicardium in (1) the high right 
atrium, (2) right atrial appendage, (3) high left atrium, and 
(4) left atrial appendage. A high right atrial electrode was 
positioned in the region of the sinus node and a high left atrial 
electrode in the left atrial portion of Bachmann’s bundle (Fig. 
1). . : 

Group 2: In eight other dogs two additional recording 
electrodes were impaled along Bachmann’s bundle (BB1 and 
BB2) between the high right and high left atrial electrodes to 
further study conduction through Bachmann’s bundle (Fig. 
1). Two bipolar catheter electrodes were positioned in one of 
the aortic sinuses and distal coronary sinus.to record the His 
bundle electrogram and low left atrial activation, respectively. 
In two dogs of Group 2 an additional bipolar catheter electrode 
was positioned in the proximal right pulmonary-artery to 
record high left atrial activation and to correlate it with the 
bipolar plunge wire electrograms from Bachmann’s bundle. 

Electrophysiologic studies: The heart was driven by a 
unipolar pacing electrode impaled in -the high left atrium 
within 5 mm from the corresponding recording electrode. The 
premature stimuli were supplied by a programmable digital 
pulse generator (constructed by M. Bloom, Philadelphia, 
Pennsylvania). The premature stimulus (So) was introduced 
after every eighth driven beat (S,), and the coupling interval 


FIGURE 1. Location of atrlal electrode sites. Four 
recording electrodes in (1) the high right atrium 
close to the sinus node, (2) the tip of the right atrial 
appendage (RAA), (3) the high left atrium, the 
junctional portion of the body of the left atrlum (LA) 
and superior pulmonary vein (PV), and (4) the tip 
of the left atrial appendage (LAA). A unipolar 
stimulating electrode was placed in the high left 
atrium within 5 mm of the corresponding recording 
electrode (Stlm.). The position of two additional 
recording electrodes In the region of Bachmann's 
bundie (BB) (dotted line) is indicated by white 
circles. AO = aorta; PA = pulmonary artery; SVC 
= superior vena cava. 


was decreased in 10 to 20 msec decrements until the atrial 
effective refractory period was reached. After the control 
measurements were performed, aprindine, a known depres- 
sant of atrial conduction,'4-15 was administered intravenously 
in a dose of 4 mg/kg over a period of 2 minutes to stress atiial 
conduction. The measurements were repeated within 5 to 10 
minutes after completion of the injection. A lead II electro- 
cardiogram and electrograms were simultaneously recorded 
on a multichannel Hewlett-Packard recorder (model 4578A) 
at a paper speed of 100 to 200 mm/sec. 

Study of interatrial conduction: A typical example of 
echo phenomenon from a Group 1 experiment is. shown in 
Figure 2. Atrial electrograms of the high right atrium, right 
atrial appendage, high left atrium and left atrial appendage 
were designated Ar, Ap, Ay and Ay, respectively. A high left 
atrial echo beat (Ag) was diagnosed when an early prémature 
activation following Ar» had a similar atrial activation se- 
quence to that of paced beats (S; or So), that is, from the high 
left atrium to left atrial appendage, as well as to the high right 
atrium and finally to right atrial appendage. Interatrial con- 
duction time during high left atrial pacing was defined as the 
A, -Ar interval. Because the Sp-Ar2 interval lengthened pro- 
gressively as a result of conduction delay around the stimu- 
lating electrode as the S-S» interval was decreased, we con- 
sidered the A,,;-Ay2 interval, instead of the S1-S. interval, the 
determinant of interatrial conduction. A premature stimulus 
introduced at an S,-S2 interval of 150 msec was conducted 
from the high left atrium (Az) to the high right atrium (Aro) 
with a marked conduction delay (arrows, 30 to 60 msec). 
Failure of conduction to the left atrial appendage is evident 
with the premature systole. 

To evaluate the relation between Bachmann’s bundle 
conduction delay and induction of the high left atrial echo 
beats, interatrial conduction time (AL2-Apg) of the premature 
beats and the Api-Apy interval were plotted against the cou- 
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APRINDINE HLA PACING 





FIGURE 2. An example of high left 
atrial reentry. A lead |! electrocar- 
diogram recorded with high right 
atrial (HRA), right atrial appendage 
(RAA), high left atrial (HLA) and teft 
atrial appendage (LAA) electro- 
grams during high left atrial pacing 
with a cycle length of 470 msec. A 
premature stimulus was Introduced 
at a coupling Interval of 150 msec. 
See text for discussion. 


pling interval (AL1-Ar2) during high left atrial pacing in all 
Group 1 experiments. In Group 2 experiments, Bachmann’s 
bundle conduction pattern was also studied in anterograde 
direction from right to left with pacing of the high right atri- 
um. 

l Results ; . 

Group 1: In six of the nine experiments high left 
atrial echo beats were elicited either before or after 
administration of aprindine, or both. The data from 
these six experiments are demonstrated in Figure 3. In 
four experiments (Experiments 2, 3, 4 and 5) echo beats 
were demonstrated only after administration of aprin- 
dine because the critical delay necessary to engender 
echo beats could not be achieved in the control study. 
- In Experiment 6 (lower right, Fig. 3) interatrial con- 


$ 


.S1-S1-470 





S1-S2-150 


duction time (Ar2-Aro) exceeded thecritical level after 
aprindine. Consequently high left atrial echo beats re- 


- sulted from all premature beats, even with relatively 


long coupling intervals. 
Although the degree of critical delay of interatrial ` 

conduction time varied between experiments, an in- 
crease in atrial conduction time within Bachmann’s 
bundle was essential for the induction of high left atrial 
echo beats in each instance. The interatrial conduction 
timé increased gradually with shortening of the coupling 
interval in Experiment 5, whereas in Experiments 2, 3 
and 4, the Ay5-Ape interval was abruptly increased at 


` the critical Ayj-Arg interval (180 msec in Experiment 


2, 230 msec in Experiment 3 and 210 msec in Experi- 
ment 4), producing discontinuous curves. 


INTERATRIAL CONDUCTION TIME 


FIGURE 3. Interatrial conduction 
(AL2-Apg) of premature beats is 
plotted as a function of their pre- 
maturity (coupling Intervals, AL- 1 
A,2) in six experiments (EXP.) of 
Group 1. Closed circles Indicate the 
data obtained during control mea- 
surements, open circles (in Exper- 
iments 1 and 6) Indicate the beats 00 
that resulted In high left atrial (HLA) 
echo beats In the control period. 
Crosses Indicate the data obtained 
after administration of aprindine and 
circled crosses indicate the beats 
that resulted In high left atrial (HLA) 
echo beats. The dotted horizontal 
fines represent the critical Interatrial 
conduction time necessary to Inl- 
tlate high left atrial echo beats. In 
Experiments 2, 3 and 4, after ad- 
ministration of aprindine, the As- 
Ago Interval abruptly increases at 
the critical A 1AL2 Intervals (180 
msec in Experiment 2, 230 msec in 
Experiment 3 and 210 msec in Ex- 
periment 4), demonstrating dis- 
continuous curves. CL = cycle 
length (msec).. 
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FIGURE 4. Experiment 1. Induction 

















of a high teft atrial echo beat. The 














echo zone was eliminated after 














administration of aprindine during 














high left atrial (HLA) pacing with a 











cycle length (CL) of 340 msec. A, 

















control study and B, data after ad- 




















minlstratlon of aprindine. See text 




















for discussion. Abbreviations ag In 





Experiment 1 (Fig. 4): In this experiment the echo zone in 
the control study was eliminated after adminstration of ap- 
rindine because there was no critical delay of interatrial con- 
duction (as shown in Fig. 3, Experiment 1). The high left 
atrium was paced at a cycle length of 340 msec. The $)-Azi 
and $;-Ap; intervals were'15 and 40 msec, respectively, pro- 
ducing an interatrial conduction time (Ay1-Ari) of 25 msec 
(40 minus 15). At a coupling interval of 160 msec (Fig. 4A, left 

- panel), the interatrial conduction time (Ay2-Aro) of a pre- 
mature beat increased from 25 to 30 (45 minus 15) msec while 
the local So-Ar2 interval remained constant at 15 msec. 
Achievement of this 30 msec critical delay resulted in an early 
activation (Ag) showing a similar activation sequence to that 
of the paced beats and probably representing a high left atrial 
echo beat. It appears that induction of the high left atrial echo 
beat (Ag) was not related to prolongation of the S3-Ay, in- 
terval (15 msec during the basic cycle S}, as well as after S2). 
In Figure 4A (right panel) Ayo was again followed by a high 
left atrial echo (Ag) with achievement of critical interatrial 
conduction delay (AL2-Ar2 = 50 msec; 100 minus 50). These 
high left atrial echo beats had a slightly shorter interatrial 

_ conduction time than the paced beat. The conduction time 

from Ag of the high left atrium to that of the high right atrium 
was less than 25 msec. The premature stimulus (S2) seen in 

the high left atrium at this coupling interval (S,-S2 of 100 

msec) encountered local conduction delay around the stim- 
ulating electrode and resulted in a prolongation of Se-Are 

(from 15 msec during the basic cycle S; to 50 msec after S2) 


Figure 2. 


(right panel). The premature stimulus (So) was finally blocked 
at an S-Se interval of 80 msec (not shown). In contrast, after 
administration of aprindine, high left atrial echo beats could 


- not be demonstrated at any range of coupling intervals (Fig. 


4B). At an S,-Se interval of 140 msec, the premature stimulus 
again encountered conduction delay within the high left 
atrium, resulting in a prolonged So-Az2 (75 msec). Conse- 
quently an Ay)-Ar» interval shorter than 190 msec could not 
be achieved. It was again evident that a high left atrial echo 
beat was not induced even in the presence of this marked 
conduction delay in the high left atrium (Se-A;»). Conse- 
quently, the shortest Ay)-Ap2 interval achievable with high 
left atrial pacing was not premature enough to induce an in- 
teratrial conduction delay. 


Because the electrodes were impaled along the course 
of Bachmann’s bundle (Fig. 1, electrode positions 1 and 
3), these observations suggest that Bachmann’s bundle 
was involved in part, or entirely, in the reentrant circuit 
of the-high left atrial echo beat. Reentry could be ini- 
tiated by a premature impulse that was iritroduced in 
the high left atrium, conducted through Bachmann’s 
bundle slowly to the high right atrium and returned to 
the high left atrium as an echo beat. A critical delay in 
one of the pathways within or in the vicinity of Bach- 
mann’s bundle would be required to permit the return 
pathway to recover. ; 
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FIGURE 5. Experiment 3. Demon- 
stration of sudden Increase in 














Bachmann’s bundle (BB) conduction 
time. The high left atrium is paced: 











with a cycle length of 440 msec and 











a premature stimulus (S3) is intro- 
duced after the elghth driven stim- 











ulus (S4). Left panel, S;-S2 coupling 
Interval 240 msec. Right panel, 
S1-S2 Interval 220 msec. See text 
for discussion. Abbreviations as In 
Figure 2. : ` 


Experiment 3 (Fig. 5 and 6): These data were obtained 
after adminstration of aprindine. The high left atrium was 


stimulated with a cycle length (S,-S;) of 440 msec. Interatrial . 


conduction time of driven beats (Ar1-Api) was measured as 
50 msec (65 minus 15) (Fig. 5). At a premature coupling in- 
terval of 240 msec (S1-S_ and ALı-AL2) (Fig. 5A, left panel), 
the premature impulse was conducted to the high right atrium 
with fragmentation of the electrogram of Are (arrow). Then 
the impulse proceeded to the right atrial appendage with 
marked fragmentation. The interval from Aj, to the initial 
deflection of Ape was 50 msec, and no high left atrial echo beat 
followed Arz. When the S;-S» interval was further shortened 
to 220 msec (Fig. 5A, right panel), the Ayi1-Ar2 coupling in- 
terval shortened to 230 msec (only 10 msec different from 
A, 1-Ar2 in the left panel). But at this coupling interval, the 
Are-Ar interval sharply increased from 50 to 95 msec and 
high left atrial beats (E) were induced. The activation se- 
quence of these echo beats was similar to that of the paced 
beats, namely, from the high left atrium to the left atrial ap- 
pendage, as well as to the high right atrium and to the right 
atrial appendage. 

In this experiment, Ar2-Arz and Arı-Arz were plotted 
against the coupling intervals (Azi-Azg) (Fig. 6). As Ari-AL2 
was decreased from 240 to 230 msec, ALo-Apre was clearly 
shown to increase from 50 to 95 msec, producing discontinuous 
curves (upper panel). The smooth Agi-Aro, ALi-AL2 curve 
(lower panel) was also intertupted at this coupling interval of 


230 msec and Api-Ape increased from 240 to 270 msec. By > 


progressively decreasing the Az,;-Ax2 interval, Azo-Ape further 
‘increased to 115 msec (upper panel). These discontinuous 
curves could represent longitudinal dissociation of conduction 
in or close to Bachmann’s bundle. At a longer Ay1-Arz2 interval, 


a premature beat was conducted through one pathway with 


an Ay-Are interval of 50 msec. The Agi-Arg interval gradu- 
ally shortened relative to the decrement of Ay1-Arz. At an 
A i-At interval of 230 msec, the effective refractory period 
of one pathway was reached, and the premature impulse was 
blocked, while conduction progressed through a second 
pathway that was not evident from conduction in the former 
at the longer Ar1-Azz interval (Fig. 5A, right panel, diagram). 
Longitudinal dissociation with unidirectional block was 
supported by the observation that every premature beat 
conducted with a delayed Aro-Apg interval engendered high 
left atrial echo beats. At an Ay1-Az2 interval of less than 230 
msec, extremely slow conduction through one pathway within 
Bachmann’s bundle allowed the other pathway, which had 
been blocked in an anterograde direction, to recover and the 
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impulse to return to the high left atrium resulting in echo 
beats. 

Group 2: Longitudinal dissociation of Bachmann’s 
bundle conduction, as suggested by discontinuous 
curves, is further substantiated by recordings made with 
additional electrodes impaled within Bachmann’s 
bundle (BB1 and BB2). i 


The electrograms resulting from premature beats intro- 
duced at the indicated coupling intervals are selectively shown 
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FIGURE 8. Experiment 3. Demonstration of the discontinuous curves 
within Bachmann’s bundle In the same experiment (EXP.). Interatrlal 
conduction time (A, 2-Ap2) of premature beats (upper panel) and the 
An1-Arge response In the high right atrlum (lower panel) are plotted 
against the coupling Intervals (A; 1-A,2). As shown by circled crosses, 
the premature beats conducted through one pathway with considerable 
delay exclusively result in high left atrial (HLA) echo beats. CL = cycle 


* length. 
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FIGURE 7. Demonstration of fragmentation of Bachmann's bundle (BB) 
and high right atrial (HRA) electrograms. Five premature beats intro- 
duced at the Indicated coupling Intervals are selectively shown. A small 
secondary wave at the BB2 electrogram proceeds to BB1 and to HRA. 
As the coupling Interval is progressively shortened, fragmentation 


ET AL. 





becomes more prominent In all electrograms. There is increasing delay - 


of a secondary wave in BB1 (thick arrows) and progressive diminution 
of an Initlal component in HRA (small vertical arrows). BBB corre- 
sponds to the high left atrial electrogram in the previous figures. 


in Figure 7 (beats 1 to 5). The stimulus was again introduced 
in the high left atrium close to electrode BB3. At an S,-So in- 
. terval of 340 msec, fragmentation was noted in the BB2 elec- 
trogram with initiation of a small secondary wave that pro- 
ceeded from BB2 to BB1 and to the high right atrium. As an 
S-S% interval was shortened from 340 to 240.msec, there was 
an increasing fragmentation of the BB1 electrogram, indicated 
by a thick arrow, and progressive diminution of the initial 
deflection of the high right atrial electrograrn as shown by the 
thin vertical arrow. At an S,-Se interval of 240 msec, the initial 
deflection of the high right atrial electrogram almost disap- 
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peared and the inscription of the second deflection became 
further delayed. 
Fragmentation of the electrograms impaled in the region 
of Bachmann’s bundle associated with reentry during high 
right atrial pacing is shown in Figure 8. The first beat rep- 
resents the last beat of a train of eight driving stimuli (S4) at 
a cycle length of 360 msec. The BB2 electrogram reveals 
fragmentation with an initial low and a second relatively high 
deflection (see insets). The intervals from S; to the initial and 
second deflections measure 40 and 50 msec, respectively. A 
premature stimulus (Sə) was introduced with a coupling in- 
terval of 220 msec. The BB2 electrogram shows increased 
fragmentation with a prolonged interval from Sz to the second 
component (55 msec) and a change of configuration (thick 
arrow and insets). This premature beat is followed by two 
early depolarizations that have the earliest activation among 
these four atrial sites in the BB2 electrogram. Low atrial ac- 
tivation of this reentrant beat, indicated by Ag in the His 
bundle electrogram, occurs simultaneously with high right > 
atrial activation. ‘ 


Discussion 


. It is generally accepted that Bachmann’s bundle is 
a thick atrial muscle bundle providing a direct con- 
nection between the right and left atria, and the impulse 
transmission occurs preferentially through this bun- 
dle.16-20: Wagner et al.!8 demonstrated that impulse 
spréad did not appear to be radial in this bundle but 
occurred through.several linear paths. 

Evidence suggesting longitudinal dissociation in 
Bachmann’s bundle: In our study, we extended these 
previous studies and revealed that conduction in 
Bachmann’s bundle could be longitudinally dissociated 
into two or more pathways by means of premature 





FIGURE 8. An example of Bach- 
mann's bundle reentry assoclated 
| with fragmentation of electrograms 
during high right atrial pacing. From 
the top, lead li electrocardlogram, 
atrial electrograms from the high 
right atrium (HRA), Bachmann's 
bundle (BB1 and BB2) and high left 
atrium (HLA) and His bundle elec- 
trogram (HBE). Fragmentation of 
BB2 occurs after premature stimu- 
T lation (S2) and the echo beat first 
seen in the BB2 electrode Is inl- 
tlated. BB2 electrograms following 
S; and Sz are photographically en- 
larged and shown below (aster- 

isks). See text for discussion. 
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stimulation and conditions known to produce atrial 
conduction delay. With regard to the record shown in 
Figure 7, it could be suggested that fragmentation of the 
electrograms within Bachmann’s bundle and high right 
atrium resulted from disorganization of the excitation 
wave front traveling through or near Bachmann’s 


bundle. It would be possible that one group of fibers — 


within the region of Bachmann’s bundle was spared 
from the initial activation wave front and subsequently 
activated by a delayed activation wave front.-In other 
words, there must exist at least two separate pathways 
within the region of Bachmann’s bundle, where one 
fiber group maintained normal conduction while the 
other fiber group propagated an impulse with signifi- 
cant delay producing a secondary wave. Thus, Figure 
7 suggests not only longitudinal dissociation but also 
unidirectional block in one pathway and slow conduc- 
tion in another. As the coupling interval of a premature 
stimulus was shortened (beats 4 and 5 in Fig. 7), initial 
activation wave was blocked (between BB1 and high 
right atrial electrodes), while Bachmann’s bundle con- 
duction was still maintained but with considerable delay 
within the second pathway. These observations as ap- 
plied to Bachmann’s bundle could support the dual 
pathway concept documented in the A-V node.?!22 
Hence, the discontinuous curves seen in Experiments 
2, 3 and 4 (Fig. 3 and 6) could represent longitudinal 
dissociation of Bachmann’s bundle. Similar to the 
arguments regarding dual A-V nodal pathways, it re- 
mains uncertain in our experiments whether longitu- 
dinal dissociation requires two anatomically separate 
conduction pathways or whether a functional duality 
is sufficient to cause this phenomenon in the atrial 
conduction system. l 

James!® suggested that the preferential internodal 
tracts are present in the atria and are histologically 
composed of two different cell types, Purkinje-like cells 
and ordinary atrial muscle cells,!8 despite the lack of 


FIGURE 9. Recording of Bachmann's bundle activatlon 
with a catheter electrode positioned in the proximal right 


bipolar plunge wire recordings of the high right atrium 

(HRA) and Bachmann's bundle (BB2 and BB3) and cath- CS 
eter recordings of the right pulmonary artery (PA), distal 
coronary sinus (CS) and His bundle electrogram (HBE) 
during sinus rhythm (left), sinus nodal (SN) pacing 
(middle) and high left atrial (HLA) pacing (right). The 
peak of the deflection from the right pulmonary artery 
(arrows) approximately corresponds to that of the BB3 
electrogram. 
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anatomic proof for discrete ‘specialized conduction 
pathways.2° Wagner et al.!8 performed their in situ 
electrophysiologic experiments of Bachmann’s bundle 
to support this concept. They observed a double in- 
trinsic déflection from the electrode within Bachmann’s 
bundle during spontaneous sinus rhythm as well as 2:1 
block of the initial component at high rates. They ex- 
plained that these two components might indicate 
specialized fiber activation and atrial muscle activation, 
respectively. They also showed distinctive transmem- 
brane potentials that were different from those of or- 
dinary atrial muscle cells and possessed characteristics 
similar to those recorded from ventricular Purkinje fi- 
bers. 

On the basis of these observations, one could assume 
that fragmentation of electrograms and discontinuous 


` curves observed in our study represented functional 


dissociation of the preferential fibers and ordinary atrial 
muscle fibers within or in the vicinity of Bachmann’s 
bundle. 

Local atrial reentry versus reentry in the region 
of Bachmann’s bundle: The close relation between 
critical Bachmann’s bundle conduction delay and the 
induction of reentry in the high left atrium observed in 
Group 1 experiments (Fig. 3) suggested that fibers in or 
near Bachmann’s bundle could be involved as a part of 
a reentrant circuit. As an alternative explanation for the 
high left atrial echo beats, we considered local atrial 
reentry in and around the stimulation site.™!213 Paulay 
et al.” demonstrated that echo beats appeared to origi- 
nate from the stimulation site when premature stimuli 
fell within the atrial relative refractory period. This did 
not seem likely in our study for several reasons: (1) In- 
duction of high left atrial echo beats (Fig. 4) were not 
dependent on local conduction delay due to the re- 
fractory period of the high left atrium (the interval be- 
tween the stimulus and the high left atrial response). (2) 
Because the time difference between the high left and 
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high right atrial electrograms of the echo beat appeared 
shorter than that of the paced beats (Fig. 4A), the 
reentrant circuit must have been located somewhere 
between these two electrograms and possibly within or 
in the vicinity of Bachmann’s bundle. This assumption 
was evidenced by the observation from Group 2 exper- 
iments. Further support for this concept is shown in 
Figure 8. The reentrant circuit could possibly be located 
around the BB2 electrode and not around the stimula- 
tion site. It is of further interest that we have experi- 
enced a beat to beat variation of an initial site of acti- 
vation within Bachmann’s bundle during reentry 
tachycardia. (3) The high left atrial echo beat could also 
be induced by a premature stimulus introduced in the 
high right atrium (Fig. 8). Hence, these observations 
could indicate that the high left atrial echo beat repre- 
- sents reentry in or close to Bachmann’s bundle. 
Differentiation of reentry in Bachmann’s bundle 
from reentry in sinoatrial and A-V nodes: This study 
demonstrates an important aspect regarding the limi- 
tation of currently available catheter electrode tech- 
niques in differentiating reentry within the sinus and 
A-V nodes and Bachmann’s bundle. The high to low and 
low to high right atrial activation sequences recorded 





with the catheter electrodes are major criteria for the 
diagnosis of sinus and A-V nodal. reentry. Some in- 
stances of supraventricular tachycardia have been 
categorized as atrial reentry!®4 because the atrial ac- 
tivation sequence did not fit either criterion. However, 
it would be possible for Bachmann’s bundle reéntry to 
demonstrate any type of atrial activation sequence— 
high to low, low to high or even simultaneous activation 
of high and low right atria (Fig. 8). There would be no 
clue to predict Bachmann’s bundle reentry by catheter 
recording of the atrial activation sequence unless mul- 
tiple electrograms from Bachmann’s bundle were ob- 
tained. 

An approach to a precise identification of the acti- 
vation from the high left atrium or Bachmann’s bundle 
can be obtained by positioning a bipolar catheter elec- 
trode in the proximal portion of the right pulmonary 
artery (Fig. 9). During both sinus rhythm and pacing of 
the sinus node and high left atrium, atrial activation 


. recorded in the pulmonary artery approximately cor- 


responded to the BB3 electrogram. This observation 
suggests that this technique may be useful clinically to 
localize more precisely the site of reentry and the 
mechanisms of supraventricular tachycardia. 
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Experiments were performed in 14 open chest anesthetized dogs to 
evaluate the characteristics of supemormal conduction In the ventricular 
specialized conduction system during premature atrial beats. Close bipolar 
intramural electrodes were used to record from the bundle of His and from 
proximal and distal portions of the left and right bundle branch-Purkinjo 
system. Atrial and ventricular electrograms and the surface electrocar- 
diogram were also recorded. A period of supernormal conduction In which 
the conduction times of premature beats were faster than during earlier 
or later beats occurred throughout the bundle branch-Purkinje system 
In 18 of 24 cases at normal plasma potassium levels of 2.9 to 5.5 mEq/liter. 
The minimal conduction time during the supernormal perlod was de- 
creased 8.4 + 6.4 (standard deviation) percent below control diastolic 


_ conduction times and the supernormal period averaged 67.7 + 31.0 msec 


in duration. With use of intravenous potassium Infusions, plasma potassium 
concentration was rapidly increased from normal values up to 7.0 mEq/ 
liter. The magnitude of the supernormal period decreased with Increasing 
concentrations of potasslum and was eliminated at levels above 6.0 
mEq/Ilter. The magnitude, time course, duration and potassium depen- 
dence of the period of supernormal conduction in the Intact dog were 
comparable with those of supernormal conductlon In isolated canine 

‘Purkinje tissues. It Is concluded that this type of supernormal conduction 
In the bundle branch-PurkinjJe system of the intact dog must have a 
mechanism similar to that of supernormal conduction In the isolated tissue, 
which has been shown to be due to a period of supernormal excitability. 
The potassium dependence described for this type of supernormallty may 
ald In Identifying the mechanism for supernormallty in man. 


Supernormal conduction is conduction that occurs when block is ex- 
pected or conduction that is better than expected. In the clinical setting, 
supernormal conduction occurs most often in the presence of underlying 
conduction depression. A typical example of supernormality in the 
-bundle branch-Purkinje system in man is the normalization of bundle 
branch block during premature atrial beats of specific timing relative 
to the preceding beat.!~ Moe et al.4 and Childers® have Se 
between improvement in conduction due to “true supernormality” an 
that due to alternative mechanisms. True supernormality resides in is 
individual properties of the cell elements i in a given conduction path- 
way. 

In 1955, using depolarizing tent injected intracellularly Weih 
a microelectrode, Weidman® described a period of supernormal excita- 
bility associated with late repolarization in isolated Purkinje fibers. In 
addition, supernormal conduction (accelerated conduction) has also been 
described in isolated Purkinje fibers? and in the intact bundle branch- 
Purkinje system of experimental animals. 78 
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Using danawien brane depolarizing currents to 
evaluate excitability simultaneously with determina- 
tions-of conduction velocity in unbranched Purkinje 
fibers, our laboratory® recently established dependence 

` of supernormal conduction on the period of sppernor- 
mal excitability associated with repolarization.® Our 


previous studies demonstrated that tissues that do not | 


exhibit supernormal excitability also do not have peri- 
ods of supernormal conduction. In addition, increasing 
the concentration of potassium in the bathing solution 
eliminates both the period of supernormal excitability 
and supernormal conduction.?:10 

Because of the difficulty i in obtaining a localized pure 
depolarizing current using extracell stimulating elec- 
trodes!}12 there is some question whether this mode of 
stimulation can provide the resolution to evaluate ac- 
curately subtle changes in excitability associated with 
the supernormal period. The application of pure de- 
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FIGURE 1. Analog records demonstrating supernormal conduction in 
the right bundle branch-Purkinje system during a premature atrila! beat. 


Piunge electrodes inserted through the free wails of the right atrium and . 


right ventricle were used to record from the His bundle (HB), the right 
bundle branch near the anterior papillary muscle (RBB) and a right pe- 
ripheral Purkinje fiber on the endocardial surface of the anterior free 
wall (RPF). A lead ll electrocardiogram (I) was simultaneously recorded. 
The schematic above shows the exposed right septal surface of the 


„heart with the approximate locations of the recording electrodes as ` 


determined post mortem. A, records obtained at constant pacing 


at the normal basic cycle length of 480 msec. The h Indicates the His l 


bundle spike. The arrows indicate the peak responses to which con- 
duction times were measured. B, analog records showing the con- 
duction characteristics for the premature atrial beat evoked by right 
„atrial stimulation at a coupling Interval of 284 msec. The vertical dashed 
lines align the His bundle spikes In records A and B: The conductlon’ 
times for the respective recording Intervals are Indicated between the 
electrograms In A and B. The plasma potassium concentration was 4.0 
meginer: 


polarizing transmembrane currents in the intact animal 
is not now feasible; thus it has not been possible to es- 
tablish definitely that a period of accelerated conduc- 


tion in the bundle branch-Purkinje system of the intact . 


animal is also due to supernormal excitability. Because 
of the restrictions on evaluating excitability in the intact 
animal, we used an indirect method to establish the 
relation between supernormal excitability and con- 
duction in vivo. ` 

The present studies utilized high resolution recording 
techniques to delineate the occurrence of supernormal 
conduction throughout the bundle branch-Purkinje 
system in the open chest anesthetized dog and com- 
pared its characteristics with that in isolated Purkinje 
fibers. In addition, the effects of variation in plasma 
potassium concentration upon the characteristics of 
supernormal conduction in the intact animal were 
compared with similar data obtained from ‘isolated 
Purkinje fibers. 

Methods _ ! 

Experiments were performed in 14 mongrel dogs weighing 
10 to 15 kg and anesthetized with intravenously administered 
sodium pentobarbital, 30 mg/kg body weight. The' animals 
were ventilated using a positive pressure respirator and their 
body temperatures were controlled with a heating mattress. 
The chest was opened at either the right or left fifth intercostal 
space. The heart was exposed and arranged in a pericardial 


sling. A lead H electrocardiogram was continuously recorded. 


Close intramural plunge-type bipolar electrodes were inserted 
in the atria and ventricles and near the bundle of His. Plunge 
and multipolar transmural electrodes were also inserted in 
multiple sites within the right and left bundle branches and 
the right and left peripheral Purkinje system. The electrodes ` 
were positioned using surface landmarks so that the heart did 
not have to be opened. After the experiments, there was 


-postmortem verification of the position of the electrodes. The 


electrical signals were filtered at settings of 40 to 500 hertz. 
The custom-designed amplifiers (Bloom Associates, Phila- 
delphia, Pennsylvania) also contained voltage clipping circuits 
that allowed the signals from the specialized ventricular 
conduction system to be amplified without being obscured by 
the accompanying ventricular'muscle activity. In all animals, 
the sinus node was mechanically crushed and the heart was 


paced from the right atrium at the slowest basic cycle length . 
that still permitted consistent capture of the ventricles. In ` 


some preparations, the heart was paced through the His 
bundle electrode. 


Conduction through the right and left bundle branch- 


Purkinje system was evaluated during premature atrial beats. 
In some experiments, premature stimulation was accom- 
plished with His bundle pacing. All pacing intervals were 
generated by a-custom-designed stimulator (Bloom -Asso- 
ciates). The electrograms were displayed on a storage oscil- 
loscope and recorded on analog tape. In addition, data were 
recorded on 35 mm film at a sweep rate of 250 or 500 mm/sec. 
For analysis, the records were projected from the 35 mm film 


. onto a Hewlett-Packard 9864A digitizer and analyzed with 


a Hewlett-Packard 9820A calculator. For calculations of 
conduction time electrograms were read to the peak of the 
fastest transient in the complex and the system allowed the 
determination of conduction times with a precision of £10 
usec. In our experiments, biologic variability during the ex- 
periment gavea typical resolution of conduction time of +100 
psec. . 

The plasma concentration of potassium was varied acutely 
by intravenous infusion of isotonic potassium chloride solution 
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at a rate of 20 to 50 mEq/hour. One half hour after the ter- 


mination of the infusion, the electrophysiologic studies were _ 


performed. Plasma potassium samples were obtained imme- 
diately before and after each study to verify stability of the 
plasma potassium levels. 


Results 


Figure 1 presents analog records from an experiment in 
which accelerated conduction was measured over the right 
bundle branch-Purkinje system during premature atrial 
beats. The records in A were obtained during constant su- 
praventricular pacing at a basic cycle length of 480 msec. The 
coupling interval between His bundle activations (h;—h2) was 

` therefore also 480 msec. The conduction time measured from 
the peak of the His bundle deflection (h) to the peak of the 
right bundle branch deflection was 12.5 msec. The conduction 
time from the His spike to the right Purkinje fiber spike was 
19.0 msec. The records in B were obtained during a premature 
atrial beat induced by right atrial stimulation at a coupling 
interval of 270 msec. Only the conduction sequence for the 
premature beat is shown. Because of some delay through the 
atrioventricular node associated with the prematurity 
of this beat, the interval between the last basic His bundle 
response and the premature His bundle response (h,—h2) was 


284 msec. The conduction times between the same recording. 


sites were shorter during the premature beat than during the 
normally conducted beat shown in A. The conduction time 


from the His spike to the right bundle branch recording site © 


in B was 12.0 msec; this represents a 4 percent decrease from 
control conduction time. The conduction interval from the 


His bundle to the right Purkinje fiber was 18.3 msec, a 3.7 - 
percent decrease from control conduction time. In this ex- ' 
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FIGURE 2. Comparison of the conduction times for premature beats 
in proxlmal and distal segments of the right bundle branch-Purkinje 
system in the same experiment as In Figure 1. The common abscissa 


INTERVAL (msec) 


Is the Interval between the His bundle splke In the last basic beat and 


the His bundle spike of the premature atrial beat (h;~h2). The upper 


ordinate is the conduction time In milliseconds between electrode sites ` 


located in the His bundle and the proximal right bundle branch (h-RBB). 
The lower ordinate Is the conduction tlme between electrodes located 


in the right bundle branch and right peripheral Purkinje fiber (RBB-RPF). - 


The curves were drawn through the data points by hand. The arrows 


indicate the minimums of the supernormal periods for the upper and 


lower curves. 
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periment, premature beats were conducted supernormally 
over a rangé of h)~he intervals of 340 to 260 msec. 

The graphs of Figure 2 present data obtained during a full 
range of coupling intervals between the last basic His bundle 
response and the His bundle response for the premature 
atrial beat’ (h;—h2). In the upper graph, the control His bundle 
to right bundle branch conduction time (h-RBB) for diastolic 
h,—he coupling intervals beyond 360 msec was'12.4 + 0.06 


msec. At shorter coupling intervals, the conduction time de-. 


creased until the coupling interval was 265 msec, after which 
conduction times increased. The minimum of the supernormal 
period occurred at a coupling interval of approximately 270 
msec. In the lower graph, the conduction time between the 
right-bundle branch and the right Purkinje fiber (RBB-RPF) 
during the control state was 6.5 + 0.1 msec. The minimal su- 
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FIGURE 3. Analog records showing supernormal conduction in the left 
bundle branch-Purkinje system. Plunge electrodes were Inserted through 


. the right atria! free wail and left ventricular free wall to record from the 


His bundle (HB), the proximal main left bundle branch (LBB), the anterior 
distal left bundle (DLB,) and the posterlor distal left bundle (DLB2). A 


lead li electrocardlogram (Il) was also recorded. The schematic above ` 
_ shows an exposed left septal surface with approximate locations of 


the recording electrodes obtained post mortem. A, analog records 
obtained during constant pacing at a baslc cycle length of 600 msec. 
The h Indicates the His bundle spike in the His bundle electrogram. The 
arrows Indicate the peaks in electrograms to which conduction times 
were measured. B, analog records obtained during a premature atrial 
beat at a coupling Interval of 295 msec. This produced a coupling be- 
tween the His bundie response of the last basic beat and the His bundle 
response for the premature beat (h1-h2) of 311 msec. The vertical 
dashed Iines align the His bundle responses In the records of A and B. 
The plasma potassium concentration was 2.9 mEq/Iiter. 
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TABLE | 
Characterlstics of the Perlod of Supernormal Conduction in the Bundle Branch-Purkinje System In Vivo 
Diastolic Supernormal! Supernormal Total : Basic 
Conduction Conduction : Perlod Refractory Potassium Cycle 
Interval Time (% change Duration Period Concentration Length 
Measured ' : (msec) from diastole) (msec) (msec) (mEq/liter) _ (msec) 
H-RBB . 16.2 : 7.4 35 ; 242 4.6 360 
(4 of 7) . 9.2 ; 5.4, 58 320 3.3 450 
12.4 3.2 80 340 4.0° 480 
13.1 9.9 35 275 3.8 i 500 
H-RPF + 25.3 3.2 78 370 3.4 600 
(1 of 1) . . ; ` 
RBB-RPF 17.7 12.4. 80 285 3.7 400 
(5 of 5) 8.9 2.2 55 290 5.3 400 
` 10.5 14.3 30 264 4.4 400 
15.5 9.7 480 450 3.2 500 
6.5 4.6 90 360 4.0 480 
H-LBB 10.8 2.8 45 300 3.4 600 
(4 of 7) 5.8 8.6 60 320 3.3 450 
7.5 8.0 80 312 2.9 600. 
18.2 7.1 60 340 2.9 ~600 
LBB-DLB 8.4 4.8, 65 280 §.5 500 
(4 of 4) 4.8 30.4 80 322 3.3- 500 
5.4 7.4 38 350 4.3 530 
10.0 9.0 100 380 2.9, 600 
Mean + SD 11.4 8.4 87.7 322.2- 3.8 497.2 i 
$ +5.4 ' +6.44 +31.0 +49.5 +0.8 +79.0 








The diastolic conduction time refers to the conduction time at h;—h2 coupling Intervals longer than the intervals producing supernormally conducted 
beats or delays in conduction. Supernormal conduction Is presented as the percent change of the minimal conduction time from that observed 
during diastolic conduction. The duration of the supernormal period is the range of hy-hz coupling intervals over which beats were conducted at’ 
a faster rate than control diastolic conduction times. The total refractory perlod ls the longest h;—hg interval at which beats were no longer delayed 
or conducted supemormally. Thé potassium concentration was obtalned from venous plasma samples. 


Figures in parentheses Indicate incidence of supernormal conduction. 


H-LBB = His bundle to proximal main left-bundie branch; H-RBB = His bundle to proximal right bundle branch; H-RPF = His bundle to right peripheral 
Purkinje fiber; peepee proximal main left bundle branch to distal left bundle; SD = standard deviation. 


pernormal period occurred at a coupling interval of approxi- 
mately 300 msec. 
_ Figure 3 presents analog records obtained from the left 
bundle branch-Purkinje system in a different preparation. 
The records in A were obtained during constant right atrial 
pacing at a basic cycle length of 600 msec. The normally con- 
-ducted beat traversed the interval from the His bundle re- 
cording site to the left bundle branch recording site (h~-LBB) 
- in 7.2 msec. It took 11.5 msec for the impulse to conduct from 
the His bundle recording site to the electrode in the anterior 
division of the distal left bundle (h-DLB,) and 19.0 msec to 
traverse the interval between the His bundle recording site 
and the electrode located in the posterior division of the left 


bundle (h-DLBz2). The records in B were obtained ‘during a . 


premature atrial beat evoked by right atrial stimulation at a 
coupling interval of 295 msec. This produced a coupling in- 
terval between the last normally conducted His bundle re- 
sponse and the premature His bundle response (h;—hg) of 311 
msec. During the premature beat shown in B, the conduction 
` ‘time from the His bundle to the left bundle branch (h-LBB) 
was reduced to 6.9 msec. This was a decrease of 4.2 percent 
below the control value. The interval from the His bundle to 
the anterior distal left bundle (h-DLB;) remained the same 
‘at 11.5 msec. The interval from the His bundle to the posterior 
distal left bundle (h-DLBe) was 17.0 msec during the prema- 
ture beat, representing a 10.5 percent decrease from control 
values for this interval. In this experiment, a period of su- 
pernormal conduction was observed in the conduction system 
segments between the His and proximal left bundle and be- 
tween the proximal and posterior distal left bundle site. 
Conduction times shorter than control values were not ob- 
served for the segment between the proximal left bundle and 
the anterior distal left bundle branch. As the premature test 


beat was evoked at shorter coupling intervals, the conduction 


* 


- times began to prolong without showing a phase of Acoelprated 
conduction. 


Magnitude of supernormal conduction: In the 14 
animals in which we-measured conduction times along 
24 segments of right and left bundle branch- Purkinje 
systems, supernormal conduction did not occur in 6 of 
the 24 segments. In all of our experiments, we were able 
to obtain slowing of conduction in the bundle branch- 
Purkinje system with sufficiently early premature beats. 
In two cases His bundle pacing was necessary in order 
to obtain intervals early enough to produce conduction 
slowing in the infranodal system. Therefore we believe 
that the absence of a period of supernormal conduction 


in some of our recorded segments was not due to insuf- ` 


ficient prematurity of the conducted beat to engage the 
supernormal period. ` 

Table I presents data characterizing the period of 
supernormal conduction obtained from all of our ex- 
periments; the data were obtained from conduction 
curves such as those shown in Figure 2. The mean per- 
cent change from diastolic conduction time at the su- 
pernormal period was 8.4 + 6.4 percent. In 6 of the 24 
intervals measured supernormality was not found. Our 
data do not indicate a preference for supernormality in 
the right versus the left bundle branch-Purkinje system. 
However, all six of the segments not exhibiting super- 
normality were located in the proximal bundle branches 


- (h-RBB and h-LBB). 


Similar data have been obtained during measurement 
of conduction times in segments of isolated Purkinje 
fibers. In 11 experiments, some of which have been 
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FIGURE 4. Effect of increasing plasma potasslum con- 5 11.0 
centration on-the conduction time-between the main let -© ` 
bundle branch and distal left bundle (LBB-DLB) during =m 
premature atrial béats (ordinate). The abscissa shows g D8 
the coupling interval between the last basic His bundle mn 
response and the His bundle response for the premature a 
atrial. beat (h;—-h.). The solid squares are data points 9.0 


obtained at the normal plasma potasslum concentration 
for this dog of 2.9 mEq/liter. The crosses are data points " 
obtained when the plasma concentration (Kt) was In- 
creased to 7.0 mEq/IIter. 
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previously reported,? ‘the magnitude of mean percent 


change of the period of supernormal conduction from 
diastolic conduction time was 13.4 + 12.1 percent. The 
duration of the supernormal period was 66.4 + 21.1 msec 
and the total refractory period was 365.2 + 42.0 msec. 
These values for supernormality in the isolated Purkinje 
tissue compare favorably with those of the in vivo sys- 
tem presented in Table I. 

Effect of increased potassium concentration: 
Previous experiments in isolated canine Purkinje fibers 
have shown that the period of supernormal excitability 
associated with action potential repolarization can be 


` plasma concentration was increased from normal levels to 


` -4, The plasma potassium concentrations before the infusion 


; period of supernormal conduction in these animals is 


eliminated by increasing the potassium concentration . 


in the bathing solution.?!© The experiments also dem- 
onstratéd that the period of supernormal excitability 
was the cause of supernormal conduction. In these iso- 
lated preparations when supernormal excitability was 
eliminated with increased potassium concentration, 
supernormal. conduction was also eliminated. In the 
present experiments, we were interested in determining 
‘if supernormal conduction in the intact ‘bundle 


branch-Purkinje system could be eliminated at in- 


creased plasma potassium concentrations. If super- 
normal conduction in the intact animal showed a similar 
potassium relation to that in the isolated Purkinje 
tissues, this would be suggestive of a similar mechanism 
for the cause of supernormal conduction in both sys- 
- tems. - A 

- Figure 4 demonstrates the conduction characteristics 
during premature beats in the left bundle branch at two 


l - different plasma potassium concentrations. The lower curve’ | 


was obtained at a normal plasma potassium concentration for 
this animal of 2.9 mEq/liter. At hy—h coupling intervals of 380 
tò 280 msec, there was a prominent supernormal period during 


which beats were. conducted faster than those at longer or. 


shorter coupling intervals. The beats with the shortest con- 
duction times were 9.0 percent shorter than beats conducted 
during diastole. The upper curve represents conduction times 
between the same two electrode sites obtained 90 minutes 
‘after the lower curve after the plasma potassium concentration 


had been suddenly acutely increased to 7.0 mEq/liter. It can- 


be seen that the diastolic conduction times were increased 
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from an average of 10.0 to 10.6 msec and that the period of 
supernormal conduction was eliminated. Similar results were 
obtained in nine experiments. 

Figure 5 presents data from nine E sat in which the 


levels ranging between 5 and 7 mEq/liter. The data were 
derived from experiments similar to that described in Figure , 


of potassium chloride ranged from 2.9 to 4.0 mEq/liter. The 
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FIGURE 5. Relation between the magnitude of the perlod of supemormal 
conduction and the plasma potassium concentration in the in vivo bundle” 
branch-Purkinje system. The abscissa is the plasma potassium con- 
centration in mEq/Iiter. The ordinate is the magnitude of the super- 
normal conduction plotted.as percent change from diastolic conduction 
times. The Ines connect data points for individual experiments. The 
data represent conduction characteristics In proximal (bundle branch) 
or distal (Purkinje) segments of both the left and right conduction sys- . 
tems. Zero on the ordinate Indicates the absence ofa perlod of su- 
pernormal conduction. 2 
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between 1.5 and 30.4 percent change from diastolic conduction 


times: In all animals increasing the plasma potassium con- © 
centration reduced or eliminated supernormal conduction. . 
Supernormal conduction was not observed above the plasma -~ 


_ potassium concentration of 6.0 mEq/liter. In the various- an- 
imals; the supernormal period was eliminated at plasma po- 


' tassium levels of 5.0 to 7.0 mEq/liter. These results are similar _ 


to those observed in isolated Purkinje fibers®!° in which a 
period of supernormal conduction was not observed at Tyrode 
potassium concentrations above 5.7 mEq/liter. 


aE, Discussion 


Supernornial period: recorded i in the intact bun: 


dle branch-Purkinje system in the present exper- 


iments: This period averaged 8.4 + 6.4 percent of the. 


diastolic conduction time: It therefore represents only 
. a few milliseconds in conduction time and spans a pe- 
riod of only 67.7 msec‘in a total refractory period of 
322.2 msec (Table I). This period of supernormality 
‘occurred during the late part of the total refractory 
period and did not extend into the diastolic period. The’. 
‘similarity between the in vivo bundle branch-Purkinje 
system and isolated tissue with regard to the magnitude, 


_ duration and relation of the supernormal period to total . 
refractoriness is striking. The effect of increasing ex- ` 
. ternal potassium concentration on the period of su-. 


pernormal conduction is also similar in both systems. 
‘These similarities suggest that the period of accelerated 
` conduction that occurs in the intact bundle branch- 


Purkinje system during premature beats is thé same. 


phenomenon, as seen in.the isolated Purkinje system. 


Our previous studies? have shown that-the supernormal ` . 
conduction in the isolated Purkinje fibers was due toa. 


period of enhanced or supernormal excitability associ- 


_ ated with repolarization of the action potential, as de- 


scribed previously by. Weidman.® 
Reasons for absence of supernormal conduction 


“in some cases: The period of supernormal conduction `` 


described in the intact bundle branch-Purkinje system 
in our experiments was observed in all regions of the 
conduction system measured. Occasionally, a period of 


' gupernormal conduction: -was not recorded in a segment - 


` of conduction system under study. The occasional lack 


- ofa period « of supernormal conduction in some segments , 
of the in vivo system. cannot be fully explained. It is . 
possible that the absence of the fe Anormal period i in - 


some cases may have been due to cancellation along the . 


rélatively long length of the bundle branch-Purkinje 
system over which the conduction measurements were 
made. For instance, the period of supernormality in the 
proximal portions of a segment under study may occur 
at a time ‘when the distal portion under study is 


undergoing delays in conduction and therefore the ad- - 
©. vantage in conduction gained during the supernormal. 


period in the proximal segment may be offset by the 


slowing conduction in the distal segment. Figure 2. 


demonstrates proximal and distal conduction charac- 
teristics in the right bundle branch-Purkinje system: and 


shows the curves to be somewhat out of phase with each | 


other. However, we were not able to observe complete 


cancellation of supernormality due to .this mecha-. a 


nism; 
Clinical implications: There are no vdesin of 
supernormal conduction in the normal bundle 


branch-Purkinje system in reported clinical studies. — 
-However, there are many reports of normalization of 


bundle branch block during premature atrial beats over 
a narrow range of coupling intervals.1-3 This type of 
supernormal conduction may have the same basic 
mechanism as the supernormal conduction. described 


in our experiments (that is, a period of supernormal- 
` excitability): Premature beats that engage the blocked 
bundle branch during-a period of supernormal excita- , 


bility have the advantage of enhanced excitability be- 
yond the site of block and therefore conduction may 
occur during this interval and at-no other. The potas- 
sium-dependent characteristics of the periods of su- 


pernormal conduction and excitability described in , 


these experiments and in our previously published 
studies in isolated tissues?!° suggest that this mecha- 


- nism could not operate at plasma concentrations above 


6.0 -mEq/liter or would be eliminated if the plasma 
concentration were raised above this level. This plasma 


_ potassium relation described in the present studies 
could therefore be applicable i in-the clinical setting in | 
- deciding whether a given pont cued, paepomencht iB 
‘due to supernormal excitability. ` 


Acknowledgment 
We thank Mr. Ralph Iannuzzi for his technical assis- 
tance. ba w in) 


References 


_ 


., Simon AJ; engender R: intraventricular block with ectopic beats 


approaching normal QRS duration. Am Heart J 27:345- 352, ; 


cardiol 4:240-248; 1971 
. Massuml RA, Amsterdam EA, Mason ‘DT: Phenomenon of sup- 
emormality In the human heart. Circulation 46:264-275, 1972 


a © N 


- A-V conduction. 5 Circulation 38:5-28, 1968 


5. Childers RW: Supemormality. Cardiovasc Clin 5:138- 158, 


1973 


6. Weldman S: Effects of calcium’ lons and local anesthetics on- ` 
-. electrical properties of Purkinje fibers. J Physio! 129:568-582, 


1955. 
7. Arbol E, Sasyniuk BI, Moe GK: S ventr 
ance Gos hess pa Fed Proc 30:553, 1971 


fi 


938 N leek: aie E EAE CARDIOLOGY © Volume 40 - 


2 aaah lä: Supernormal: Intraventricular conduction. J Electro- E 


. Moe GK, Childers RW, Merideth J: An appraisal of “ ‘supernormal a 


icular conduction, . 


8. Ferrler GR, Dresel PE: Role of the “atrium in dsiernining the .- 


= functional and effective refractory periods and the conductivity of 

. the atrioventricular transmission system: Circ Res 33:375-385, 
1973 

9. Spear JF, Moore EN: Supemormal excitabllity and conduction In 


the His-Purkinje system of the dog. Circ Res 35:782-792,'1974 


10. Spear JF, Moore EN: The effect of changes In rate and rhythm on 
supemormal excitability in the Isolated Purkinje system of the dog. 


_A possible role in reentrant arrhythmias. co 50:1144~1149, . 


1974 
11. van Dam R, Durrer D, Strackee J, et al: The excitability cycle of 
- the dog's ventricle determined by anodal, cathodal anid, bipolar 
stimulation. Circ Res 4:196-204, 1956 
12. ‘Hoshi T, Matsuda K: Excitability cycle of cardiac mida examined 
by. intracellular Stimulation. Jpn d Heine 42: peer 1962 





Influence of Excitability on the 
Ventricular Fibrillation Threshold in Dogs 


WINSTON E. GAUM, MD, FACC* 
VICTOR ELHARRAR, PhD 
PATRICK D. WALKER, MD 
DOUGLAS P. ZIPES, MD, FACC 


indianapolis, Indiana 


From the Krannert Institute of Cardiology, the 
Departments of Medicine, Pharmacology and 


Pathology, Indiana University School of Medicine, ` 


Indianapolis, Indiana. This study was supported In 
part by the Herman C. Krannert Fund, Indianapolls, 
Indlana; Grants HL-06308, HL-05363, HL-07 182 
and HL-18795 from the National Heart, Lung, and 
Blood Institute, National Institutes of Health, U.S. 
Public Health Service, Bethesda, Maryland; the 
American Heart Association, Indiana Affillate, inc. 
and the Veterans Administration Hospital, India- 
napolis, Indlana. Manuscript received April 27, 


1977; revised manuscript received June 2, 1977, 


accepted June 8, 1977. 

* Fellow, Medical Research Council of Canada, 
Ottawa, Ontario, Canada. 

Address for reprints: Douglas P. Zipes, MD, 
Krannert Institute of Cardiology, Indlana University 
School of Medicine, 1100 West Michigan Street, 
Indianapolis, Indiana 46202. 





The Influence of the excitabillty threshold on the ventricular fibrillation 
threshold was studied In dogs during myocardial ischemia and potasslum 
‘and aprindine Infusion. Interventions that influenced excitability threshold 
were associated with similar changes in ventricular fibrillation threshold 
although the percent change In both values differed. Although It Is possible 
that the interventions studied caused parallel but Independent changes 
in excitability threshold and ventricular fibrillation threshold, It Is likely 
that the excitability threshold Influences the ventricular fibrillation 


threshold. An Increase in excitability threshold could result in an increase 
` In ventricular fibrillation threshold in spite of an increase In the actual 


tendency of the heart to fibrillate spontaneously. Such discordance be- 
tween the “electrical stability of the heart” and the ventricular fibrillation 
threshold was found during myocardial ischemia. 


Beginning with the studies of Wiggers and Wegria,! the ventricular fi- 
brillation threshold has been used in a variety of situations to determine 
the susceptibility of the ventricle to fibrillate in response to an electrical 


-stimulus delivered during the T wave. The ventricular fibrillation 


threshold is established by determining the minimal current required 
to precipitate ventricular fibrillation, using single stimuli,! a gated train 
of pulses? or 60 hertz current. The intensity of the current necessary 
to fibrillate is used as an index of the “amount of extra inhomogeneity” 
required to induce fibrillation’ and is considered a measure of the pro- 
pensity to fibrillate. For the most part, factors that alter ventricular fi- 
brillation threshold experimentally appear to parallel the susceptibility 
to the spontaneous development of ventricular fibrillation.® 

However, it is probable that the ventricular fibrillation threshold 
represents a composite value, influenced by several interrelated elec- 
trophysiologic properties, such as dispersion of refractoriness, conduction 
and excitability threshold. It would appear reasonable to assume that 
local factors at the site of stimulation might influence the stimulating, 
and therefore fibrillating, efficacy of the pulse. For example, the exci- 
tability threshold may be important if the initiation of ventricular fi- 
brillation is related to the number of fibers excited by a train of stimuli. 
A reduced excitability threshold might lower the ventricular fibrillation 
threshold by enabling the stimulus to recruit a greater number of fibers; 


~- an elevated excitability threshold might elevate the ventricular fibril- 


lation threshold. The purpose of this study was to investigate the in- 
fluence of the excitability threshold on the ventricular fibrillation 


threshold. 


Methods 


Mongrel dogs of either sex were anesthetized with sodium pentobar- 
bital (30 mg/kg body weight intravenously, repeated as necessary to 
maintain anesthesia). After endotracheal intubation and ventilation with 


- a Harvard respirator, the heart was exposed through a left lateral tho- 


ot 
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racotomy and suspended in a pericardial sling. A heat- 
ing blanket was used to maintain body temperature. 
Arterial blood pressure was continuously monitored 


with a Statham strain gauge transducer (model 23BD) 


from a polyethylene catheter inserted into a carotid 
artery. Blood gases were intermittently measured, and 


lost fluid was replaced by infusing lactated Ringer’s 


. solution (100 ml/hour). The sinus node was crushed to 
achieve a slower spontaneous rate, and the right atrium 
` was paced at a constant cycle length of 400 msec. Ani- 
mals were heparinized (100 unit/kg). The left anterior 
descending coronary artery was dissected free, and 
ischemia was produced by intermittently. occluding the 
left anterior descending coronary artery at a site distal 
to the anterior septal artery, about one third of the 
distance from itsorigin. 
Ventricular fibrillation threshold: This was de- 
_termined by delivering in the T wave of every 10th 
regularly paced beat a 200 msec train of stimuli that 
spanned the T wave but did not extend into the T wave 
of the first premature ventricular beat. The train was 
begun 50 msec after the bipolar electrogram recorded 
from a nonischemic zone at the base of the right ven- 
tricle and was delivered to the left ventricular epicar- 
dium through two poles of a five terminal acrylic plaque 
electrode sutured or hand-held (see later) against the 
epicardium. Each terminal has a diameter of 1 mm. The 
stimuli were 4 msec in duration at a frequency of 100 


hertz and were obtained from a custom-made constant 


current output generator (Medical Electronic Con- 
sulting Associates) that was triggered by a stimulator 
‘through an isolator (Digipulser model 830; Isopulser 
model 850, WP Instruments, Inc.). The bipolar elec- 
trogram from the base of the right ventricle was dis- 
played along with the electrocardiogram (lead IT) and 
stimuli on a storage oscilloscope (Tektronix D11) and 


on a switched beam oscilloscope (DR8, Electronics for _ 


. Medicine) and recorded on Polaroid® film or photo- 

graphic paper. The current of successive trains was in- 
creased by 1 milliampere (ma) increments, until ven- 
tricular fibrillation resulted. Ventricular fibrillation 
threshold was defined as the minimal current that 
produced ventricular fibrillation. Animals were imme- 
diately defibrillated using direct current countershock 
‘of 10 to 20 joules, delivered from a defibrillator 
(American Optical). At least 20 minutes elapsed be- 
tween each determination of ventricular fibrillation 
threshold. 


Excitability: threshold: Diastolic excitability 


threshold was measured during unipolar cathodal 
stimulation using one of the plaque electrode terminals. 
The anode was a separate 2 cm metal disc located in the 
subcutaneous tissue over the chest wall. Stimuli were 
delivered by an automatic threshold-following pace- 
maker (ATFP, 1476H, Medtronic, Inc).®7 Briefly, this 
type of pacemaker automatically determined the dia- 
' stolic excitability threshold every 4 seconds at an ac- 
curacy of £1.5 usec by decreasing the output stimulus 
duration of each successive capturing stimulus in two 
usec steps until ventricular capture was lost. Voltage 
and cycle length remiained constant at preselected levels 


(2 volts, 400 msec). The pacemaker monitored ven- 
tricular depolarization by means of a separate sensing 
myocardial electrode. After subthreshold stimulation, 
the duration of the next stimulus automatically in- - 
creased by 20 usec and, after ventricular capture was 
regained, the duration of each succeeding pulse was 
again decreased in 2 usec steps and.the process repeated. 
The duration of the last stimulus that produced ven- 
tricular depolarization immediately preceding the 
subthreshold stimulus was displayed in digital form and 
taken as the diastolic excitability threshold in terms of 
threshold stimulus duration. 

Refractory period dispersion: To measure refrac- 
tory period dispersion, the ventricle was driven by 2 
msec cathodal stimuli (S;) delivered through the center 
pole of the five terminal plaque electrode at a basic cycle 
length of 400 msec and at a voltage of twice diastolic 
threshold. The peripheral electrodes formed corners of 
a square 6 mm apart and equidistant from the center 
electrode. The moment:of recovery of excitability after 
the basic response (R;) to Sı was successively’ deter- 
mined at each peripheral electrode site by delivering a . 
premature stimulus (S2) at an intensity of twice, the 
corresponding diastolic threshold. 

The shortest R; — So interval that produca a re- 


` sponse to Sz recorded in a bipolar epicardial electrode 


5 mm away was taken as the refractory period duration 


` at that peripheral site. Dispersion of refractoriness was — 
calculated as the difference between the longest and |” 


shortest refractory period obtained at the four sites. 
Potassium and aprindine infusion: The éffects of 
potassium and aprindine®’ on ventricular fibrillation 
threshold and excitability threshold were determined 
in 13 and 14 dogs, respectively. Potassium was infused 
intravenously as potassium chloride, 25 or 50 nuEq/kg 
per min. Serum potassium was determined -before ` 
infusion and at the times of ventricular fibrillation 
threshold and excitability threshold measurements. 
Aprindine hydrochloride, 2.86 mg/kg, was given intra- 
venously in eight divided doses over a period'of 15 ` 
minutes according to the accepted clinical method of 
administration./°-!2. Ventricular fibrillation threshold 
determinations were made 10 minutes after adminis- 


-tering the last dose of aprindine. 


Pathology: In two dogs, histologic sections were 
made of individual sites at which ventricular fibrillation 
threshold was measured. These specimens were sub- 
mitted for pathologic examination using light micros- 
copy. The pathologist was aware of the nature of the 
study but did not know the amounts of current applied 
or how many ventricular fibrillation threshold deter- 
minations were made at each site. 


‘Results: 


Ventricular fibrillation threshold obtained with a 
stationary versus hand-held electrode: Ventricular fi- 
brillation threshold was initially measured repeatedly at the 
same site in 11 dogs using an electrode sutured to the left 
ventricular epicardium. In five of these dogs, after four to six 
determinations, the -ventricular fibrillation threshold in- 
creased from 10.8 + 6.2 to 21.5.+ 8.5 ma (mean). In six dogs, 
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FIGURE 1. Section of epicardium and underlying myocardium showing 
vacuolization and karyolysis In addition to coagulation necrosis ex- 
tending 1 mm Into the myocardium. (Hematoxylin-eosin X100, reduced 
by 12 percent.) 


` 


ventricular fibrillation threshold rose with repeated stimu- 
lation to more than 50 ma, the maximal ouput of the constant 
current generator. Directly under the stimulating electrodes 
were depressed circular areas that were white or occasionally 
black. Histologic examination of these areas revealed various 
amounts of coagulation necrosis. In general, currents ex- 
ceeding 12 ma resulted in tissue damage that extended at least 
1 mm into the myocardium (Fig. 1). 

Because of these observations, we considered that repeated 
ventricular fibrillation threshold determinations obtained 
with a stationary (therefore, sutured) electrode were unreli- 
able and, therefore, in the subsequent experiments to be re- 
ported, the electrode was hand-held and moved 1 or 2 mm 


after each threshold determination. In six dogs the ventricular ` 


fibrillation threshold was repeatedly measured over a 2 cm 
square area of the anterior surface of the left ventricle to test 
the stability of this method. In a 2 hour time period during 
which determinations were made at about 20 minute intervals, 
the ventricular fibrillation threshold varied by a maximum 
of 11 percent in any one dog (range 5.5 to 11 percent, mean 
8.2). 

Time course of ventricular fibrillation threshold and 
excitability threshold during myocardial ischemia: In 
seven dogs, the ventricular fibrillation threshold was measured 
in the ischemic zone at various times after occlusion of the left 
anterior descending coronary artery (Fig. 2). Within 1 to 2 
minutes after occlusion, the ventricular fibrillation threshold 
decreased to less than half the control value and then pro- 
gressively increased to near control values after 6 to 8 min- 
utes. 

Because the time course of changes in the ventricular fi- 
brillation threshold measured in the ischemic zone was very 
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FIGURE 2. Ventricular fibrillation threshold measured in the Ischemic 
zone at various times after occlusion of the left anterior descending 
coronary artery. Ordinate, ventricular fibrillation threshold (ma); ab- 
scissa, time (sec) after occlusion. 
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FIGURE 3. Ventricular fibrillation threshold (VFT) and excitability 
threshold (ET) measured in the Ischemic zone 1 to 2 minutes and 5 to 
6 minutes after occlusion of the left anterior descending coronary artery 
in three dogs. Mean values + standard deviation. 
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similar to the time course of changes in excitability threshold 
determined in that zone during ischemia,’ in three dogs, both 
thresholds were measured at the same site in the ischemic zone 
during successive occlusions of the left anterior descending 
coronary artery (Fig. 3). The excitability threshold was 
tracked continuously during the first occlusion and the ven- 
tricular fibrillation threshold was measured during the second 
period of occlusion at the time when the lowest and highest 
excitability threshold values were found (Fig. 3). During 
ischemia, both ventricular fibrillation threshold and excita- 
bility threshold reached their nadir within 1 to 2 minutes of 
ischemia, whereas after 5 to 6 minutes of ischemia, both 
thresholds were elevated. Thus, ventricular fibrillation 
threshold and excitability threshold measured at the same 
time and site after occlusion of the left anterior descending 
coronary artery fell and rose in parallel fashion. Relatively 
small reductions in excitability threshold were associated with 
greater percent changes in ventricular fibrillation thresh- 
old. 

Effect of potassium on ventricular fibrillation 
threshold and excitability threshold: The effects of po- 
tassium infusion on excitability threshold and ventricular 
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FIGURE 4. Effect of Increasing serum potassium (abscissa) on exch 
‘ tability threshold (ET) (left ordinate) and ventricular fibrillation threshold 
(VFT) (right ordinate) in five dogs. Mean value + standard deviation. 
L = "Iter; mA = milllampere. , 


fibrillation- threshold were studied in five dogs (Fig. 4). In- 
creasing serum-potassium ion from a mean of 3.6 + 0.4 to 4.9 
+ 2.7 mEq/liter reduced excitability threshold from a mean 
stimulus duration of 31 + 7 to 24.5 + 4.5 usec.”!3 Ventricular 
fibrillation threshold also decreased from a mean of 12.5 + 2.7 
to 9:1 + 1.5 ma. Further potassium chloride infusion increased 
serum potassium concentration to 7.9 + 1.2 mEq/liter. and the 
excitability and ventricular fibrillation thresholds rose, to 43 
+14.3 usec and 18.8 + 5.1 ma, respectively. 

These experiments established that potassium chloride 
altered the excitability and ventricular fibrillation thresholds 
in a similar fashion but did not determine that changes in 
excitability threshold necessarily produced the changes in 

. ventricular fibrillation threshold. To examine the ‘possibility 
that potassium might alter dispersion of recovery of excita- 
bility, this variable was measured in five dogs along with ex- 
citability threshold and ventricular fibrillation threshold 

. during potassium chloride infusion (Table I). As in previous 

experiments, we found that excitability threshold and ven- 
tricular fibrillation threshold fell with the initial increase in 
serum potassium concentration. With a further increase in 
serum potassium concentration, excitability threshold and 
ventricular fibrillation threshold increased. The changes in 
these thresholds were significant (P <0.05); however, there 


`‘ 


VFT (mA) 


i 





were no significant changes in dispersion of refractory periods 
(P >0.05). 

We’ have previously shown that increasing serum potassi- 
um before occluding the left anterior descending coronary . 
artery prevents or diminishes the initial decrease in excita- 
bility threshold that occurs in the ischemic zone after 1 to 2 
minutes of occlusion. In the following experiments, we de- 
termined whether infusion of potassium chloride before oc- 
clusion of the left anterior descending coronary artery would 
also prevent the decrease in ventricular fibrillation threshold 
determined in the ischemic zone after 1 to 2 minutes of the 
occlusion. Before potassium ion infusion in three dogs, the 
ventricular fibrillation threshold decreased from a mean of 

18.5 + 5.2 to 9.0 + 1.4 ma within 1 to 2 minutes of occlusion. 
After a 20 minute recovery period, the serum potassium con- 
centration was elevated from a mean of 3.6 to 8.4 mEq/liter 
by potassium ion infusion. The excitability threshold in- 
creased from a mean stimulus duration of 34 + 19 to 81 + 20 
usec and the ventricular fibrillation threshold rose to a mean 
of 31 ma. The potassium ion infusion was stopped and a 20 
minute recovery period was allowed, during which both serum 
potassium concentration and excitability threshold returned 
toward control values. The potassium infusion was then re- 
sumed until the excitability threshold reached the same level 
at which an increased ventricular fibrillation threshold had 
been measured. At this point the left anterior descending 
coronary artery was occluded and ventricular fibrillation 
threshold was measured. No decrease in ventricular fibrilla- 
tion threshold was observed in any dog. ‘Thus, potassium 
infusion prevented the decrease in ventricular fibrillation 
threshold after occlusion of the left anterior descending cor- 
onary artery. 
` Effect of aprindine on excitability threshold and 
ventricular fibrillation threshold: Aprindine increased - 
ventricular fibrillation threshold from a mean of 9.6 + 4.5 to 
21.4 11.5 ma in nine control dogs in the absence of ischemia, 
Both excitability, threshold and ventricular fibrillation 
threshold were measured in three additional dogs during ad- 
ministration of aprindine. In all three dogs, the excitability 
and ventricular fibrillation thresholds rose in a parallel fashion 
but excitability threshold returned to control level before 
ventricular fibillation threshold (Fig. 5). 

Dispersion of refractoriness was measured in five dogs at 
5, 40 and 100 minutes after administration of aprindine. There 
was no significant change (P >0.05) in dispersion from the 
contro! value (mean 13 + 6.9 msec), to values obtained at 5 
minutes (mean 9 + 4.8 msec), 40 minutes (mean 15.2 + 5.4 
msec) or 100 minutes (mean 12 + 4.4 msec) after aprindine 

* administration. 

Effect of aprindine on ventricular fibrillation 
threshold during ischemia: The effects of dprindine on 
ventricular fibrillation threshold determined from the normal 
and ischemic zones at various times after occlusion of the left 

















TABLE | 
Effects of Serum Potassium on Excitability Threshold, , Dispersion of Refractory Perlods and Ventricular Fibrillation Threshold 
Control Kt Infusion K+ Infusion _ 

Kt ET Disp. VFT Kt ET Disp. VET Kt ET Disp. VFT 
3.7. 65 8 25 6.4 55 14 15 9 84 8 30 
4.0 40 13 18.5 6.4 38 5 10 7.9 110 9 40 
3.8 24 3 14 74 20 7 10 8.9 280 4 š 25 
4.0 40 12 22 .- 6.4 . 9 y . 6.8 210 “9 35. 
4.2 57 9 25 © 53 50 16 - 13 8.0 345 - 10 10 








* No decrease in excitability threshold. Ventricular fibriilation threshold not determined. 
Disp. = dispersion of refractory ae (msec); ET = excitability threshold (usec); Kt = serum epee (mEq/liter); VFT = ventricular fibrillation 


threshold (ma). 
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FIGURE 5. Effect of aprindine administration on excita- 
bility threshold (ET) (left ordinate) and ventricular fibril- 
lation threshold (VFT) (right ordinate). Representative 
experiment In one animal: MA = milllamperes. ` 


anterior descending coronary artery were studied in 33 dogs 
within 1 to 2 minutes of the occlusion. Ventricular fibrillation 
threshold measured from the normal zone in six dogs de- 


creased from a mean of 24.6 to 18 ma (Fig. 6). This decrease . 


was not prevented by aprindine given before the occlusion. 
Similarly, when measured from the ischemic zone in six dogs, 
the ventricular fibrillation threshold decreased from a mean 
of 14.2 + 4.8 to 6.7 + 3.6 ma after 1 to 2 minutes of occlusion, 
and this decrease was not prevented by aprindine given before 
the occlusion. Finally, in 12 dogs, aprindine did not signifi- 
_ cantly alter the ventricular fibrillation threshold determined 
from the normal zone after 5 minutes of occlusion of the left 
- anterior descending coronary artery 

In three dogs, the excitability ahd was T 
during occlusion of the left anterior descending coronary ar- 
tery and during repeated occlusions 5 and 75 minutes after 
Be aprindine infusion (Fig. 7). Aprindine prevented the decrease 
in excitability threshold during ischemia 5 minutes after its 
administration, and there was a steep rise in excitability 
threshold at 2 minutes. By 75 minutes after aprindine ad- 
ministration, the excitability threshold curve resembled that 
seen with occlusion of the left anterior descending coronary 
artery alone. 

These results indicate that aprindine elevates the excita- 
bility and ventricular fibrillation thresholds in the nonisch- 
emic heart without altering the dispersion of refractory peri- 
ods. In the ischemic heart, aprindine attenuated or prevented 
the decrease in excitability threshold after occlusion of the left 
anterior descending coronary artery but did not prevent the 
decrease in ventricular fibrillation threshold. 


a Discussion 
Ventricular Fibrillation Threshold 
The ventricular fibrillation threshold is thought to 


provide a means to measure the “electrical stability” of | 


the heart, and its propensity to fibrillate spontaneously, 
in a control state and in response to various interven- 
tions. An- elevated ventricular fibrillation threshold 
implies that the heart is electrically more stable and less 
likely to fibrillate; a lowered threshold implies the op- 
posite. To be used in this fashion, changes in ventricular 
fibrillation threshold must parallel the actual tendency 
of the heart to fibrillate spontaneously and, for the most 
part, this is so. However, our study demonstrates at least 
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three situations during which changes in ventricular 
fibrillation threshold fail to parallel the spontaneous 
propensity of the ventricle to fibrillate. 

. Effect of ischemia: First, during ischemia, ventric- 
ular fibrillation threshold measured in the ischemic zone 
is reduced to its lowest value 1 to 2 minutes after oc- 
clusion of the left anterior descending coronary artery, 
a period that generally precedes the usual time for 
ventricular fibrillation to develop spontaneously after 
occlusion of this artery (distal to the anterior septal 
branch) in dogs paced at moderate heart rates.? After 
5 minutes or more of occlusion, when most dogs in our 
studies are at a higher risk for spontaneous fibrillation 
than during the first 1 to 2 minutes of occlusion, the 
ventricular fibrillation threshold determined from thé 
ischemic zone has returned toward or exceeded control 
values, probably because of the increase in excitability 
threshold at that site. Thus, ventricular fibrillation 
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FIGURE 6. Effect of aprindine on ventricular fibrillation threshold (VFT) 
as measured in animals without coronary occlusion (unlabeled columns), 
and In animals In the normal (NZ) and Ischemic (IZ) zone after 1 to 2 
minutes of occlusion of the left anterior descending coronary artery and 
in the normal zone after 5 minutes of occlusion of this artery. MA = 
millamperes; n = number of dogs. 
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threshold determined from the ischemic zone does not 
parallel the peak occurrence of ventricular fibrillation. 
In addition, other studies have shown the ventricular 
fibrillation threshold determined from an ischemic zone 
exhibits a different time course from that determined 
from a nonischemic zone in the same heart.!4 This fact 
is important because it implies that the same heart ex- 
hibits two different time courses for the spontaneous 
development of ventricular fibrillation, which is not 
likely. 

Effect of aprindine: The second example concerns 
the effect of aprindine on ventricular fibrillation 
threshold. We have shown previously that aprindine 
given intravenously before occlusion of the left anterior 
descending coronary artery, in the same fashion as 


during this study, increased the incidence of sponta-: 


neous development. of ventricular fibrillation from 1 of 
11 dogs before drug administration to 8 of 11 dogs after 
drug treatment as a result of an increase in ischemia- 
induced conduction delay.® Yet, in. the present study, 
aprindine elevated the ventricular fibrillation threshold 
in the nonischemic heart and did not alter further the 
decrease in threshold determined from the normal or 


ischemic zones after occlusion. Again, these changes in ` 


ventricular fibrillation threshold do not parallel the 


- actual tendency of the heart to fibrillate spontaneously. . 


Finally, potassium infusion initially reduced the ven- 
tricular fibrillation threshold but did not cause the 
spontaneous development of ventricular fibrillation. 
These observations support the conclusion that 
multiple factors may influence the ventricular fibrilla- 
tion threshold and, under certain circumstances, 
changes in threshold may not indicate the same direc- 
tional changes in the “electrical stability” of the heart. 
One of the likely factors affecting the ventricular fi- 
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FIGURE 7. Effect of aprindine on 
excitability threshold during isch-- 
emla, Ordinate, excltablility 
threshold; abscissa, time (minutes) 
after occlusion of the left anterlor 
descending coronary artery. The 
insert shows the change In excita- 
bility threshold during aprindine 
administration before occlusion of 
the left anterlor descending coro- 
nary artery. 


brillation threshold is the excitability threshold of the 
myocardium at the site of ventricular fibrillation 
threshold determination. 


Excitability Threshold 





Factors that influenced excitability threshold caused _ 


similar changes in ventricular fibrillation threshold. 
Although the percent, change in both values differed, the 
direction of the change, as well as the temporal course, 
were very similar during ischemia, potassium infusion 


and after aprindine administration. The only variance ` 


occurred during the latter intervention when excitabi- 
lity threshold returned to control value before ventric- 


-ular fibrillation threshold did. This finding suggests 


that, at least during aprindine administration, factors 
in addition to excitability threshold may have played 
a role in elevating the ventricular fibrillation thresh- 
old: 

Alteration of refractory period dispersion: Han 
et al.15 suggested that agents or interventions that al- 
tered ventricular fibrillation threshold did so by altering 


refractory period dispersion. Although this is certainly - 
true after some interventions, potassium and aprindine . 


in our study altered ventricular fibrillation threshold 
without altering refractory period dispersion. Similarly, 


Kent et al.16 noted that vagal stimulation elevated _ 


ventricular fibrillation threshold without affecting re- 
fractory period dispersion. This latter observation could 
be explained by a vagally mediated increase in excita- 
bility threshold.t” | 

Effect of aprindine: It is of interest that although 
aprindine increased both the excitability and ventric- 
ular fibrillation thresholds in the nonischemic canine 
ventricle it attenuated the decrease in excitability 
threshold but not the decrease in ventricular fibrillation 
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threshold 1 to 2 minutes after occlusion of the left an- 


S 


` EXCITABILITY AND VENTRICULAR FIBRILLATION THRESHOLD—GAUM. ET AL. 


‘ 


may cause ventricular fibrillation. Potassium infused 


terior descending coronary artery. These observations . 


could relate to multiple influences of aprindine on 
ventricular fibrillation threshold. For example, aprin- 


dine’s effect on ventricular fibrillation threshold could ` 


be neutralized by an aprindine-induced increase in ex- 


citability threshold, which would tend to increase ven- ` ` 


tricular fibrillation threshold, and an aprindine-induced 
increase in condiction delay, which would tend to re- 
duce ventricular fibrillation threshold. ` 

Effect of changes in excitability threshold on 


fibrillation threshold: The results of our study do not — 


permit the unequivocal conclusion that changes in ex- 
citability threshold causally influenced the ventricular 
_ fibrillation threshold. Interpretation of the data must 
include the possibility that interventions that in- 


into a coronary artery may also terminate existing 
ventricular fibrillation: by depolarizing a critical mass 


of myocardium. 20 


~ . ` 


Other Factors 


Ventricular fibrillation threshold, measured with use 
of trains of stimuli, may be influenced by other factors, 
such as the effects of the interaction of sequential 
pulses?! and by the release of neurohumors.?? Hpwever, 
a factor insufficiently stressed, but noted by Shumway 
et al.,25 has been the development of local charring of 


_ the epicardium when repeated ventricular fibrillation 
. threshold determinations were made from the same site, 


fluenced the excitability threshold also influenced the . 
ventricular fibrillation threshold in a parallel fashion | ~ 


. unrelated to changes in excitability threshold. A parallel . 


but independent effect of potassium ion and aprindine 
on the excitability and ventricular fibrillation thresh- 
olds appears. unlikely, especially since changes in re- 
fractory period dispersion did not occur. Naturally, 
changes in electrophysiologic variables such as con- 
duction probably occurred and could have influenced 
the ventricular fibrillation threshold. 

Potassium, infused directly into a coronary artery, has 
been shown to alter both the excitability threshold!8 and 
the ventricular fibrillation threshold.1® However, when 


given in this fashion, potassium also probably increases. 


the “electrical heterogeneity” of the myocardium and 


especially when, values greater than 25 ma were re- 
quired. In our study, repeated ventricular fibrillation 
threshold values determined from the same site pro- 
gressively rose, probably because the tissue became less 


--excitable as a result of the effect of the local burns, and 


stable control values were obtained: only when the 


ventricular fibrillation threshold was determined from. 


adjacent. sites. This latter method naturally is less than 
ideal because the same site is then not tested repeatedly. 
In the nonischemic myocardium, movement of the 
stimulating electrode several millimeters does not seem 
to be important. However, myocardial ischemia pro- 
duces nonuniform patchy changes, and moving the 
stimulating electrodes a few millimeters, particularly 
in a borderline ischemic zone, significantly alters exci- 
tability threshold values? and may exert a similar effect 
on ventricular fibrillation threshold. 
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Pathologic studles of a hereditary cardiovascular defect In Keeshond dogs 
carried out previously demonstrated a spectrum-of malformations primarily 
involving the outflow tracts of the heart. Lesions ranged from minor. sub- 
clinical defects to ventricular septal defects of moderate to ‘large size, 
commonly associated with pulmonary valve stenosis. Dextroposition of 
the aorta was present In hearts with a large ventricular septal defect 
(Eisenmenger complex). The defects were Interpreted as being primarily 
the result of varlous degrees of conotruncal septal hypoplasia ‘and dys- 
plasla. 

The very large incldence of spontaneously occurring congenital Car- 
diovascular defects of a certain type In a phylogenetically advanced large 
mammal afforded an opportunity to study systematically the pathogenesis 
of the anomalies. To this purpose 46 young embryos from normal mongrel 
dogs and 36 from the affected Keeshond strain, ranging In stage of de- 
velopment from Streeter’s horizon (stage) X to XX, were serially sectioned. 
Wax plate reconstructions were made of 14 normal and 16 abnormal 
embryo hearts. The studles showed that the most important abnormality 
underlying the outflow tract anomalies Indeed represents a varying degree 
of hypoplasia of the conus cushions, and in the severe forms also of the 


` truncus cushions, of the early embryonic heart. Associated pulmonary 


valve lesions, when present, were found to be due to dysplasia of the cusp 
anlagen or commissural fusion, or both. Other associated anomalles found 
in some embryos were absent ductus arterlosus, anomalously arising 
retroesophageal right subclavian leet fon and persistent left prania (su- 
perlor) vena cava. 


Thus far it has not been possible actually to observe the pathogenesis 
of cardiovascular malformations by systematic study of embryologic 


. material. Cardiac and other anomalies can be induced in experimental 
animals by means of various teratogens, but such induced anomalies are ` 


“artificial” in the sense that the natural cause of the defect or defects 
may very well be quite different and may act by a different mechanism. 
Moreover, the effects of teratogens appear to be rather nonspecific, and 
the malformations produced by any one agent are not consistently of the 
same type. More than half a century ago, Stockard! concluded from his 
work with Fundulus that different disturbances applied at the same 
phase of development would tend to produce the same defects, whereas 
the same disturbing factor applied at different phases of development 


` produces different defects. Undoubtedly this is'an oversimplification, 
‘ however, there seems to be little doubt that in many cases the nature of 


the injurious agent is a less important determining factor than the precise 


time in early development at which it is allowed to exert its influence. 


Such exact timing in administering an experimental insult is difficult 
if not impossible in higher animals such as mammals. Thus, it has not 


` been possible to date to induce cardiac anomalies of a specific type 


reproducibly and in a large enough percentage of offspring to render 
embryologic studies practicable and reliable. 


‘ 
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For many years investigators have tried, by indirect 
means, to learn how congenital anomalies come about 
by comparing the malformed with the normal organ or 
brgan system and with the developing organ or system 
in embryos of various-ages. In this manner it is often 
possible to arrive at a reasonably plausible explanation 
as to what might have happened pathogenetically in the 
case of a particular anomaly, but thus far proof has been 
lacking. It is also possible, in many cases, to deduce 
approximately at which stage of prenatal development, 
and therefore at which gestational age, an anomaly must 
have made its appearance. However, because we still do 
not know exactly when and how the injurious agent, 
whatever its nature, exerted its influence we know very 
little about the etiology of congenital defects. 

There are several potential problems and pitfalls in 
arriving at conclusions regarding the possible patho- 
genesis of congenital cardiovascular malformations by 
deductive reasoning. One is the failure to appreciate the 
ability of an embryo to compensate for developmental 
structural deficiencies, use whatever is available, and 
still produce a reasonably well functioning end product. 
For example, the very abnormal atrioventricular valve 

-in patients with even the complete form of endocardial 
cushion defect may be quite competent, particularly in 
young infants. Secondly, abnormal hemodynamic pat- 
terns introduced by one or more primary anomalies may 

profoundly influence the development of other essen- 
tially normal structures and may render these secon- 
darily abnormal. The aortic valve in transposition of the 
great arteries is located farther to the right than the 
pulmonary valve in the normal heart, and its plane is 
quite different. This “anomaly” has been used by some 
as one argument against any pathogenetic theory that 
ascribes transposition to a single embryologic error. 
Actually, the abnormal valve position is very likely he- 
modynamically induced because the course of the as- 
cending aorta is quite different from that of the normal 
pulmonary trunk. As has been pointed out previously,” 
the position of the pulmonary valve in cases of con- 
genital aortic atresia is virtually identical to that of the 
aortic valve in transposition, and the course of the 
pulmonary trunk and ductus arteriosus closely resem- 


bles that of the ascending aorta and aortic arch. Third, - 


any conclusions regarding the possible pathogenesis of 
congenital cardiac malformations by deductive rea- 
soning depend a great deal on how a particular inves- 
tigator interprets his observations and this, in turn, is 
influenced by his educational background. For example, 
embryologists in general have limited access to anom- 
alous hearts; on the other hand, most pathologists know 
little about embryology and hemodynamics, and very 
few clinicians have had much training in pathologic 
anatomy, embryology and phylogeny. These differences 
in background contribute importantly to the disagree- 
ments and differences of opinion as to the pathogenesis 
and particularly the classification of congenital cardiac 
malformations. Not surprisingly, therefore, contro- 


versies continue to exist. Clearly, it would be extremely — 


helpful if the pathogenesis of cardiac anomalies could 
be studied directly in embryos. 
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Recently Patterson et al.34 by selective breeding were 
able to develop strains of purebred dogs in each of which 
cardiac anomalies of a certain type occurred sponta- 
neously in a large percentage of the offspring. The larger 
incidence of cardiovascular anomalies of the same type 
occurring in a large phylogenetically advanced mammal 
has afforded an opportunity to study the pathogenesis 
of these lesions directly in embryologic material. In this 
paper we present the results of such a study of a strain 
of the Keeshond breed in which the cardiovascular 
anomalies primarily involve the ventricular outflow 
tracts. 


Materials and Methods 


Normal] embryos: Normal mongrel dogs, mainly of beagle 
ancestry, were acquired from a commercial breeder and used 
to provide 46 control embryos. Stage of development, deter- 
mined on the basis of gross anatomic and microscopic criteria 
as described by Streeter®-8 for human embryos, ranged from 
horizon (stage) X (8 somite embryo) to XX (embryos of 20 mm 
crown-rump length). In addition, two embryos of 41 mm 
crown-rump length were obtained. All embryos were immedi- 


` ately fixed in Carnoy’s fluid, the smaller embryos in situ, after 


transecting the uterine horns between implantation-sites. 
Larger ova were removed from the uterus and the chorionic 
vesicle opened before fixation. Carnoy’s fixative was selected 
because it penetrates rapidly, causes little shrinkage, already 
partially dehydrates the specimen, prevents collapse of 
thin-walled portions of the heart such as the atria and has less 
of a tendency than slower fixatives to fix the ventricles in the 
contracted state. Because we were primarily interested in the 
“gross” anatomy of the embryonic cardiovascular system as 
demonstrated by wax plate reconstructions, cytologic pres- 
ervation, somewhat inferior to that seen after certain other 
fixatives such as Zenker or Bouin, was to us of secondary im- 
portance. 

After fixation the extra embryonic membranes were re- 
moved, except in the case of the 8 somite embryos which were 
kept attached to a piece of uterine wall with the amnion intact. 
Dehydration of 36 specimens was completed in three changes 
of 100 percent ethanol, followed in 32 embryos by two changes 
each of methyl benzoate and benzene after which the speci- 
mens were embedded in Paraplast® and serially sectioned at 
10 microns. Most specimens were sectioned transversely, some 
were cut sagittally or frontally. Four embryos were imbedded 
in hydroxyethyl methacrylate and interrupted serial sections 
cut at 1 or 2 microns. The heart of 1 of the 41 mm embryos was 
dissected employing a stereomicroscope. Ten embryos were 
preserved in 80 percent ethanol. l 

Seventeen wax plate reconstructions were made of 14 
hearts: the two youngest of stage X at a magnification of X150, 
ten hearts of embryos of stages XII, XIV, XVI, XVH, XVIII 
and XX at X100. In addition, one specimen of stage XVI was 
reconstructed at X10, one each of stages XV, XVII and XX 
at X50 and one of stage XV at X75. In most cases the aortic 
arch system was also reconstructed, as were all atrial and 
ventricular trabeculae. Windows were cut in the ventricles, 
and in some cases also the atria, to allow study of the interi- 
or. ; 
Embryos from affected strain: Abnormal embryos were 
obtained from matings between members of the University 
of Pennsylvania strain of Keeshond dogs with hereditary 
defects of the conotruncal septum. Female embryos were 
artificially inseminated every day or every other day for three 
or four times, beginning on the 8th day after the onset of 
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pro-estral bleeding. Embryos were removed by hysterectomy 


or hysterotomy. Ovulation age was estimated by comparing . 


the insemination history of various litters of embryos of the 
*same stage of development. Of the seven dams from which the 


embryos were obtained, two were phenotypically normal first ‘ 


degree relatives of dogs with grade 3 cardiac defects (see later), 
one had grade 1 intracardiac anomalies and four had grade 2 
defects. Both sires had a moderately severe form of grade 3 
defect consisting of a large ventricular septal defect, overriding 
aorta and severe pulmonary valve stenosis, and both were 
cyanotic (Table I). 

Seven litters totalling 36 embryos were obtained and pro- 
cessed as described previously. Thirty-four embryos were 
serially sectioned, all in a transverse plane. Six of the seven 
litters of embryos were sired by the same male. The stage of 
development of the embryos ranged from Streeter’s stages 
XIV to XX; 29 embryos were in stages XVIII to XX. This 
clustering was intentional because these stages are the most 
informative: Normally partitioning of the ventricles and co- 
notruncal portions of the heart is complete except for a small 
residual basilar interventricular communication in all but the 
oldest members of stage XX, and the various components of 
endocardial tissue involved in cardiac septation can still be 
distinguished without much difficulty. 

Wax plate reconstructions were made of 16 hearts, all at 
a magnification of X100. In some cases the pulmonary valve 
area was reconstructed again at a magnification of X200. 


Review of Pathologic Anatomy of 
Postnatal Hearts 


The cardiovascular anomalies observed among 352 mem- 
bers of the Keeshond strain have been described and illus- 
trated previously? and will only be summarized here. They 
were found in 217 of the 352 dogs (51.6 percent). 


Intracardiac Anomalles 


Intracardiac anomalies were present in 189 dogs (53.7 
percent) and primarily involved the ventricular outflow tracts 
and in many cases also the pulmonary valve. The degree of 
severity of the lesions varied; that is, there was a spectrum of 
anomalies. For convenience, particularly in relation to the 
genetic studies, the outflow tract anomalies were arbitrarily 
grouped into three grades of severity: 

a. Grade 1 defects (80 dogs, 22.7 percent): These in- 
cluded minor, subclinical defects not resulting in hemody- 
namic abnormalities, occurring either singly or in various 
combinations. 

Absent medial (conal) papillary muscle: As in man, a 
medial papillary muscle is always present in normal dog hearts 
and, as in man, absence of this muscle is therefore always 
abnormal.1° 

Persistence of the “conal septal fusion line”: Normally the 
crista supraventricularis is wholly muscular. In many mem- 
bers of the Keeshond family a fibrous raphe crossed the crista 
supraventricularis and ran from the area of the membranous 
septum to the commissure between the two posterior pul- 
monary valve cusps. 

Aneurysm of the ventricular septum: In some dogs the 
proximal portion of the fibrous raphe near the membranous 
septum was wide and thin, producing an aneurysm. As seen 
from the left ventricle, such an aneurysm was found to be lo- 
cated beneath the right coronary cusp of the aortic valve. 

b. Grade 2 defects (62 dogs, 17.6 percent): These were 
always accompanied by one or more grade 1 defects, and 
consisted of either a ventricular septal defect or pulmonary 
valve stenosis. 
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Ventricular septal defect: Whether large or small, a ven- 
tricular septal defect was always located at the same site as 
the aneurysm described earlier. When small, the long axis of 
the defect was generally oriented along the conal septum fu- 
sion line. The cristal muscle surrounding the defect was usu- 
ally deficient. Large defects were more or less rounded, the 
crista supraventricularis was hypoplastic and at times some- 
what displaced anteriorly. The aorta was dextroposed and 
overrode the defect as in cases of Eisenmenger complex in man 
and, as in such cases, the medial papillary muscle was ab- 
sent. 

Pulmonary valve stenosis: In these cases the pulmonary 
valve cusps were fused, thickened and dysplastic, or hypo- 
plastic in various combinations. In milder forms of the 
anomaly only the cusps derived from the truncus cushions 
were involved; in severe cases the anterior cusp, developed 
from the intercalated valve cushion, was also affected. The 
medial papillary muscle was always absent and other grade 
1 anomalies were usually associated. : 

c. Grade 3 defects (47 dogs, 13.4 percent): In this group 
a ventricular septal defect and pulmonary valve stenosis oc- 
curred in the same heart, and one or more grade 1 defects were 
always associated. In the mildest forms of grade 3 defects the 
ventricular defect was small and the pulmonary stenosis mild. 
Intermediate forms had a large ventricular septal defect with ` 
overriding aorta and a hypoplastic and somewhat anteriorly 
displaced infundibular septum. The right ventricular outflow 
obstruction usually consisted of both valve and subvalve 
pulmonary stenosis, and the dogs were clinically cyanotic. In 
the most severe forms of grade 3 defects, the pulmonary root 
was atretic and the trunk extremely hypoplastic. In these cases 
bronchial arterial collateral circulation was extensive. 

A number òf hearts had a small subvalve chamber produced 
by a subvalve fibrous ring and always associated with pul- 
monary valve stenosis. Such cases, and those with atresia of 
the pulmonary root, resembled certain severe cases of tetral- 
ogy of Fallot in man. However, “typical” cases of tetralogy 


. with mild or moderately severe local or generalized stenosis 


of a right ventricular infundibulum of (nearly) normal length, 
with or without pulmonary valve stenosis, were not seen in the 
dog. Occasionally a subaortic fibrous ring was also present. 


Extracardiac Anomalies 


Extracardiac anomalies included a dilated tortuous as- 
cending aorta, anomalies of the ductus arteriosus, anomalous 
origin of the right subclavian artery from the descending aorta, 
tricuspid valve anomalies other than an absent medial pa- 
pillary muscle and a persistent left cranial (superior in man) 
vena cava entering the coronary sinus. Extracardiac anomalies 
tended to occur more frequently in cases with severe forms of 
intracardiac defects. In animals with grade 3 defects, for ex- 
ample, a retroesophageal anomalous right subclavian artery 
was found in about 15 percent of cases and a patent ductus 
arteriosus in about 19 percent. However, in some cases with 
grade 3 defects there was no trace of even a ligamentum ar- 
teriosum, a condition commonly referred to as absent ductus 
arteriosus. These anomalies are also often seen in human cases 
of tetralogy of Fallot. A right aortic arch, so common in human 
patients with tetralogy of Fallot, thus far has not been ob- 
served in the Keeshonds. 


Normal Development of the Ventricular 
Outflow Tracts 


A detailed description of the developmental processes that 
lead to the partitioning of the ventricular and conotruncal 
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regions of the human embryonic heart has been given pre- 
viously.1!-14 Cardiac development in the dog proved to be very 
similar and may be summarized as follows: í 

In an embryo of stage XIV, the heart on external exami- 
nation already somewhat resembles that of the adult. Inter- 
nally, however, septation has only just begun and the heart 
still consists of a single but convoluted tube with a number of 
local dilatations representing the common atrium and the 


. 





primitive left and right ventricles. The still undivided atrio- 


ventricular canal is located far to the left and connects the 


atrial portion of the heart to the primitive left ventricle only. - . 


Blood entering the latter from the common atrium flows 
through the relatively narrow primary interventricular fora- 
men to the primitive right ventricle. From here it leaves the 
heart by way of the conus cordis and the truncus arteriosus 
to eriter the aortic sac and aortic arches. At this stage of de- 


dii 


h, 


‘alld 


FIGURE 1. Normal development of the conotruncal septum.in the dog. The right ventricle has been opened. A, eart of embryo of 4 to 5.mm 
crown-rump length, (stage XIV). B, 7 mm (stage XV). C, 14 mm (stage XVIII). D, 19 mm (stage XX). Conus cushions and conal septum are shaded 
darker. E, 41 mm. Conal septal tissue is no longer visible. APM = anterior papillary muscle; ATV = anterior tricuspid valve cusp; CVF = conoventricular 
fold; DDCC = dextrodorsal conus cushlon; DSTC = dextrosuperlor truncus cushion; ICVC = intercalated valve cushlon; IEC= Inferlor endocardial 
cushion; RLC = right lateral cushion; SB = septal band; SEC = superior endocardial cushion; SITC = sinistrolnferlor truncus cushion: SVCC = 


sinistroventral conus cushion; TSM = trabecula septomarginalis. 
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velopment the primary interventricular foramen is oriented 
in a sagittal plane. It is bordered posterosuperiorly by a fold 
of the cardiac wall produced in the process of cardiac looping, 
ethe conoventricular fold, and anteroinferiorly by the devel- 
oping muscular ventricular septum (Fig. 1A). 
Concomitantly with the initiation of cardiac septation there 
is a medial shift of both the atrioventricular (A-V) canal (to 
the right) and the conotruncal portion of the embryonic heart 
(to the left). At the same time differential growth leads to ef- 
facement of the central portion of the conoventricular 
fold.}*-15 These processes result in the right side of the A-V 
canal gaining direct access to the primitive right ventricle, 
while the primitive left ventricle can now discharge its blood 
directly into the conus cordis and truncus arteriosus through 
the primary interventricular foramen, the plane of which has 
come to incline increasingly to the left with progressive ef- 
facement of the conoventricular fold.16 
Development of “endocardial cushions”: Enlargement 
of the primitive ventricles is accompanied by increasing 
diverticulation of the endocardium, a process that is initiated 
on either side of the primary interventricular foramen in 
embryos of about 20 somites and that results in the formation 
of a rather dense spongy mass of myocardial trabeculae. The 
A-V canal and conotruncal regions are lined internally by a 
substantial subendothelial layer of a peculiar rather cell-poor 
tissue, variously referred to as “gelatinous reticulum,” “en- 
docardial cushion tissue” or “cardiac mesenchyme.” Septation 
of the A-V canal, the conus cordis and the truncus arteriosus 
is carried out by local elaborations of the gelatinous reticulum 
which, because of their appearance in microscopic sections, 
have been called “endocardial cushions.” Opposing pairs of 
endocardial cushions appear almost simultaneously in the A-V 
canal, the conus cordis and the truncus arteriosus in embryos 
of stage XIV, both in man and in the dog. Partitioning of the 
truncus arteriosus is accomplished first, and fusion of the two 
truncus cushions in the dog has already begun in older mem- 
bers of stage XV, thus dividing the truncus arteriosus into 
pulmonary and aortic channels (Fig. 1B). One of the truncus 
cushions is located on the dextrosuperior wall of the truncus: 
the dextrosuperior truncus cushion, the other on the sinis- 
troinferior wall: the sinistroinferior truncus cushion. Proxi- 


mally they are aligned with the dextrodorsal and sinistro- - 


ventral conus cushions, respectively. The system of trunco- 
conal cushions is arranged in a weak spiral due to the twist or 
torsion imparted upon the troncoconal part of the heart by 
the formation of the cardiac loop.!! Fusion of the A-V canal 
cushions begins in older members of stage X VI while the conus 
cushions have fused in embryos of stage X VIII. 

After the truncus cushions have begun to fuse the distal- 
most still undivided part of the truncus arteriosus, together 
with the aortic sac, dilates to form the trunco aortic sac. The 
dorsal wall of the trunco aortic sac between the origins of the 
fourth and sixth aortic arches invaginates to form a vertically 
disposed septum, the aorticopulmonary septum. The leading 
border of this septum meets the distal face of the truncal 
septum and fuses with it, thus completing the partitioning of 
the arterial pole of the heart and creating the pulmonary root 
and trunk and the aortic root and proximal part of the as- 
cending aorta.!1,17-20 Further élaborations of the distal ex- 
tremities of the truncus cushions form the anlagen of the 
posterior cusps of the pulmonary valve and anterior (coronary) 
cusps of the aortic valve. The anterior pulmonary valve cusp 
and the posterior or noncoronary cusp of the aorta are formed 
by an additional pair of small endocardial cushions alternating 
with the truncus cushions and therefore called the intercalated 
valve cushions.!7 

After partitioning of the A-V canal by the superior and in- 
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ferior endocardial cushions the left A-V ostium empties into 
the left ventricle while the right A-V ostium and its sur- 
rounding area become incorporated into the primitive right 
ventricle to form its A-V valve and inflow portions. 


The conal septum: This divides the conus cordis into a 
posteromedial half, which connects the left ventricle to the 
aortic root and ascending aorta, and an anterolateral half, 
which becomes the right ventricular infundibulum. Once the 
conal and truncal septa have formed they in turn fuse with 
each other to complete the conotruncal septum (Fig. 1C). 

Development of the conal septum greatly reduces the size 
of the interventricular communication. The remaining small 
opening, the secondary interventricular foramen, is closed by 
contributions from the conal septum, the A-V canal septum 
and the endocardial cushion tissue lining the upper border of 
the muscular septum. In the dog this final closure is accom- 
plished in older embryos of stage XX. 

Initially the two halves of the conus cordis are of approxi- 
mately equal length. However, with further growth of the 
heart, the anterolateral (right ventricular) portion keeps pace 
with the growth of the remainder of the heart while the post- 
eromedial (left ventricular outflow) portion does not. 
Therefore, in the normal heart the conus contribution to the 
left ventricular outflow tract remains extremely short. 

Heretofore, it has been stated that with further growth of 
the heart the conal septum formed by endocardial cushion 
tissue continues to grow and is secondarily invaded by cardiac 
muscle!!1920 and that therefore the adult muscular structure 
is homologous with the embryonic mesenchymal septum. This 
is incorrect. Actually, once fusion of opposing endocardial 
cushions has occurred there is little further growth, if any, of 
the embryonic septum thus formed. This limited growth ca- 
pacity of cushion tissue was already commented upon by 
Grant.2! Endocardial cushion tissue eventually either disap- 
pears completely or is replaced by connective tissue. One of 
the main functions of endocardial cushion tissue therefore 
appears to be to effect initial fusion and partitioning; that is, 
it acts as a “glue” that keeps things together while the heart 
continues its growth and development. The crista supraven- 
tricularis for example, unlike what has been stated and illus- 
trated previously, does not represent a conal septum that has 
been secondarily invaded by muscle but is derived from the 
cardiac wall that has been “drawn in,” as it were, after the 
conus cushions have fused to form the embryonic conal sep- 
tum. Nothing is normally left of the original embryonic conal 
septum; only on rare occasions does a linear remnant con- 
sisting of connective tissue remain.!5 However, it should be 
emphasized that the crista supraventricularis in the normal 
heart, although not a direct descendant of the embryonic conal 
septum, can develop normally only if the conal septum de- 
velops normally. 

The process of diverticulation and undermining that gives 
rise to the formation of trabeculae carneae of the ventricles, 
and is primarily responsible for the formation of the A-V valve 
apparatus, extends also into the developing crista supraven- 
tricularis, thus forming the medialmost portion of the anterior 
cusp of the tricuspid valve, its chordae tendineae and the 
medial (conal) papillary muscle. 


The following species differences between man and dog in 
cardiac developmental events were noted: (1) The truncus 
cushions begin to fuse in older embryos of stage XIV in man 
and in older members of stage XV in the dog. (2) In the dog, 
the A-V endocardial cushions possibly fuse slightly later than 
in man. (3) The secondary interventricular foramen in man 
closes in older embryos of stage XVIII; in the dog it closes in 
older members of stage XX. 
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Observations on Embryos of the Affected 
Keeshond Strain 

Ventricular septal defect: In 9 of the 34 sectioned 
specimens no anomalies were found. Included in these 
nine specimens were the six youngest embryos (stages 
XIV and XV). Twenty-five embryos were abnormal: All 
had a ventricular septal defect that was small in 5 cases, 
of moderate size in 7 (Fig. 2B) and large in 18 (Fig. 2, C 
and D), Three of the five small ventricular septal defects 
were of the supracristal type. The conus cushions were 
smaller than normal in all hearts in which there was a 
ventricular septal defect; the hypoplasia was particu- 
larly evident in the sections (Fig. 3 to 5). True anterior 
displacement of the conus cushions was never seen. In 
many embryos with a large defect the truncal cushions 
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were also more or less hypoplastic, and one embryo had 
persistent truncus arteriosus, type 1, with a quadri- 
cuspid truncal valve. The aorticopulmonary septum 
does not consist of endocardial cushion tissue and it wa 
normal in all specimens, even in the embryo with per- 
sistent truncus arteriosus. 

Dextroposition of aorta: The outflow tract in em- 
bryos with a large ventricular septal defect had a 
“sprung” appearance, as is evident by comparing the 
angles subtended by the arrows in Figures 3, 4 and 5, 
and the aortic root was located too far to the right, re- 
taining much of its relation with the right ventricle. 
There was therefore dextroposition of the aorta. 

Pulmonary valve stenosis or dysplasia: In eight 
embryos the pulmonary valve was definitely abnormal: 





FIGURE 2. Interior of right ventricle 
of embryos of stage XVII. This 
page, A and B. Next page, C and D. 
A, normal. B, ventricular septal 
defect, moderate size, and bicuspid 
pulmonary valve (Embryo 84/L3). C, 
large ventricular septal defect, se- 
vere pulmonary valve stenosis and 
absent ductus arteriosus (Embryo 
77/R2). Abbreviations as in Figure 
1. 
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it was stenotic or dysplastic, or both, in six cases. Two 
specimens had a bicuspid valve that was not stenotic 
(Fig. 2B). In the five hearts with a dysplastic pulmonary 
*valve the cusps were thicker than normal, often irreg- 
ular, and the sinuses of Valsalva tended to be shallow. 
In two cases the commissures were virtually nonexistent 
and the pulmonary roots and trunk were diminutive 
(Fig 2D and 5). These were the two cases with an absent 
ductus arteriosus. It is conceivable that the other three 
with pulmonary valve dysplasia eventually would have 
later had pulmonary stenosis of lesser degree. 
Other anomalies: Of the 16 specimens in stages XIX 
and XX, 3 had a persistent left cranial vena cava. In 
younger specimens this vein is normally large and ab- 


normality therefore cannot be evaluated. None of the > 


embryos had a right aortic arch, but two had a small 
right aorta in addition to the normal left aorta (embryos 
84/L4 and 84/R1). Grade 1 defects were not seen in any 
of the embryos. This is not surprising because the em- 
bryos were too young for a medial papillary muscle to 
have developed and the presence of a conal septal fusion 
line is normal in embryos of stages XIX and XX. All of 
the three supracristal ventricular septal defects were 
small and, as might be expected, all three were located 
immediately below the arterial valves. It is quite pos- 
sible, even likely, that these small ventricular septal 
defects eventually would have closed to produce either 
a persistent conus fusion line or an aneurysm. Whether 
embryos 80/R3, 80/L1 and 80/L2 are in fact completely 
normal is uncertain, and the six embryos of stages XIV 
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and XV were too young for hypoplasia of the conus 
cushions to have become manifest. In three of these the 
conus cushions did appear somewhat smaller than 
normal, but we judged the difference to be too slight to 
be conclusive. 


Discussion 


Our embryologic studies confirm the view expressed 
previously? and arrived at by deductive reasoning that 
the inttacardiac anomalies in the Keeshond strain are 
due to maldevelopment of the embryonic conotruncal 
septum. The essential and most important develop- 
mental disturbance is hypoplasia of various degrees of 
the conus cushions resulting in a hypoplastic, or even 





absent, conal septum. As a secondary result the inter- 
ventricular communication remains widely patent, and 
the right posterior wall of the embryonic conus cordis 
is not secured and kept in place with continued growtlt 
of the heart. The right posterior wall retains its far 
rightward and posterior position, a condition un- 
doubtedly intensified by the intraluminal pressure. 
Transfer of the aortic root to the left ventricle therefore 
remains incomplete; thus there is dextroposition of the 
aorta. 

Pathogenesis of Eisenmenger complex: There is 
difference of opinion concerning the pathogenesis of 
human Eisenmenger complex (the term is used here in 
the anatomic sense indicating the cardiac anomaly 


FIGURE 3. Transverse sections 
through the heart of a normal em- 
bryo of stage XVIII (Embryo 1159C). 
This page, A to D. Next page, E to 
H. Compare the angle subtended by 
the arrows in F and G with the cor- 
responding angles In Figures 4 and 
5. AA = ascending aorta; AV = 
aortic valve; CS = conal septum; D 
= ductus arteriosus; DA = de- 
scending aorta; DDCC = dextro- 
dorsal conus cushlon; E = esoph- 
agus; LA = left atrium; LACV = left 
anterior cardinal veln; LCCV = left 
common cardinal vein; LL = left 
lung; LPA = left pulmonary artery; 
LSV = left sinus valve; LV = left 
ventricle; OS = ostium secundum; 
P = pericardium; PN = phrenic 
nerve; PT = pulmonary trunk; PV = 
pulmonary valve; RA = right atrium; 
RACV = right antertor cardinal vein; 
RCCV = right common cardinal 
vein; RL = right lung; RPA = right 
pulmonary artery; RSV = right sinus 
valve; RV = right ventricle; SEC = 
superior endocardial cushion; SP = 
septum primum; SS = septum se- 
cundum; SVCC = sinistroventral 
conus cushion; T = trachea. 
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which consists of a large ventricular septal defect in the 
basilar portion of the ventricular septum associated with 
dextroposition of the aorta and usually absent medial 
«papillary muscle; the infundibular septum is hypo- 
plastic, the pulmonary trunk is large and there is no 
right ventricular outflow tract obstruction). De la Cruz 
et al.22 believed the dextroposition to be the primary 
anomaly. Van Mierop and co-workers*%:*4 have held 
that the essential lesion is hypoplasia or absence of the 
conal septum, which is responsible not only for the 
persistence of a large interventricular communication 
and the aortic dextroposition, but also for the absence 
of the medial papillary muscle of the right ventricle and 
abnormality of the medial portion of the anterior tri- 
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- cuspid valve cusp, considered to be part of the anoma- 


y. 

Goor et al.” stated that dextroposition of the aorta 
is characterized by deviation of the conal septum, par- 
tial presence of a subaortic infundibulum and coun- 
terclockwise rotation of the aortic root. The associated 
ventricular septal defect was considered to represent 
a malalignment gap between the ventricular and “distal 
conus septum.” Eisenmenger complex was defined by 
these authors as a ventricular septal defect with dex- 
troposition without obstruction to pulmonary blood 
flow, whereas right ventricular outflow obstruction was 
associated with tetralogy of Fallot. 

The dog hearts in which there was a large ventricular 
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septal defect with dextroposition of the aorta but 
without pulmonary stenosis were pathologically virtu- 
ally identical to human hearts with Eisenmenger com- 
plex. It can therefore be reasonably concluded that 
Eisenmenger complex in man, as in the Keeshond dogs, 
is indeed due primarily to pronounced hypoplasia of the 
conus cushions, resulting in a hypoplastic or even absent 
conal septum and therefore eventually in a hypoplastic, 
or absent, crista supraventricularis (infundibular sep- 
tum). Ih some cases the conal.septum was believed to 
be somewhat displaced anteriorly as well, but without 
causing infundibular stenosis. In the severest forms of 
the anomaly the hypoplasia also involved the truncal 
septum. , 

The apparent mild anterior displacement of the hy- 
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poplastic crista supraventricularis, seen both in the dog 
and in man, we believe to be due to the sprung condition 
of the ventricular outflow ttact. No true anterior dis- 
placement of the hypoplastic conal cushions was presen? 
in the embryo hearts. 

The lack of support by the hypoplastic or absent 
conal septum also accounts for the counterclockwise 
rotation (as seen from above) of the aortic valve shown 
to be present in both Eisenmenger complex and in te- 
tralogy of Fallot by Goor et al,2° and confirmed for te- 
tralogy of Fallot by Anderson et al.!5 and Becker et al.28 
Actually, it would be more accurate to state that there 
is a decrease of the clockwise rotation that normally 
takes place with lengthening and widening of the great 
arteries after the conal septum is formed and has se- 


FIGURE 4. Embryo 84/R2. This 
page, A to D. Next page, E to.H. 
Moderate size ventricular septal 
defect. The conus cushions are 
hypoplastic. The angle subtended 
by the arrows in F and G is greater 
than normal. . 
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cured the arterial roots. The embryologic studies also 
clearly demonstrate that the medial papillary muscle 
and corresponding portion of the anterior tricuspid 
valve cusp cannot develop normally if the conal septum 
is hypoplastic.23.24 
Pathogenesis of pulmonary stenosis: Right ven- 
tricular outflow obstruction always took the form of 
stenosis of the pulmonary valve region and, if present, 
was clearly due to dysplasia of the truncal cushions and 
in many cases also the intercalated valve cushions. In 
some cases the pulmonary valve anlagen were thickened 
and irregular with poor development of the sinuses of 
Valsalva, in others adjoining anlagen had fused, and in 
again others both dysplasia and commissural fusion 





were present. In some instances a cusp anlage was so 
hypoplastic that a cusp could not be formed. 
Pathogenesis of aberrant subclavian artery and 
persistent left superior vena cava: An aberrant re- 
troesophageal right subclavian artery arising from the 
descending aorta is clearly shown to be due to early in- 
volution of the right fourth aortic arch, and retention 
of the right dorsal aorta between the junction with the 
left dorsal aorta and the origin of the right seventh in- 
tersegmental artery, whereas a persistent leftssuperior 
vena cava is the result of continued patency of the left 
anterior and common cardinal veins and the left sinus 
horn. There is general agreement concerning the 
pathogenesis of an anomalous retroesophageal subcla- 


947. 





EMBRYOLOGY OF CONOTRUNCAL SEPTAL DEFECTS IN DOGS—VAN MIEROP ET AL. 


vian artery and of a persistent left superior vena cava. 
Our embryologic studies confirm the current views 
concerning the developmental errors underlying two 
anomalies. 

Pathogenesis of persistent truncus arteriosus: 
Sections and reconstructions of the heart of the embryo 
with persistent truncus arteriosus type I clearly dem- 
onstrates that the anomaly is due to severe hypoplasia 
of the truncal cushions. Each of the truncal cushions 
simply produces a valve cusp. Because the aorticopul- 
monary septum is normal, a short pulmonary trunk is 
present. 

Pathogenesis of tetralogy of Fallot: Although 
pathologically there are some similarities between the 

-severe forms of the grade 3 anomalies in the dog and 
human tetralogy of Fallot, the differences are too great 
to justify homologization. All we can reasonably state 





at present is that the embryologic studies have not 
produced any evidence against the most commonly held 
view (with relatively minor variations depending upon 
which aspect of the anomaly the particular author* 
wishes to emphasize), first espoused by Rokitansky,?? 
that tetralogy of Fallot is due to unequal partitioning 
of the conus at the expense of the right ventricular 
outflow tract and pulmonary trunk. In fact, it would 
seem quite plausible that anterior displacement of the 
conal septum, particularly if associated with an element 
of hypoplasia, could account (as does a hypoplastic 
conal septum in Eisenmenger complex and for much the 
same reason) for the large ventricular septal defect, the 
dextroposition of the aorta and the absent medial pa- 
pillary muscle and rotation of the aortic root. As pointed 
out previously,?%,25.26 it is not always easy in any indi- 
vidual case to be certain whether one is dealing with a 


FIGURE 5. Embryo 77/R2. This 
page, A to D. Next page, E to H. 
Very large ventricular septal defect, 
pulmonary stenosis, small pulmo- 
nary trunk, absent ductus arterlosus, 
marked hypoplasia of the conus 
cushions and proximal part of the 
truncus cushions, and pronounced 
dextroposition of the aorta. The 
angle subtended by the arrows in G 
is greater than 180°. Note the 
identical appearance of Figures 3H, 
4H and 5H: The anomaly is confined 
to the conotruncal septum; the A-V 
canal cushions are normal. 
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case of Eisenmenger complex or a mild form of tetralogy 
of Fallot. 
Developmental relation between tetralogy of 
° Fallot, pulmonary stenosis and ventricular septal 
defect: Our studies in the dog support the finding by 
Fraser and Hunter?’ in their analysis of congenital heart 
malformations in pairs of siblings that there appears to 
be a developmental relation between tetralogy of Fallot, 
pulmonary stenosis and ventricular septal defect. Fraser 
and Hunter point out that the data on risk of recurrence 
for siblings of children with these (and other) defects 
will now have to be refined to take into account the 
possible recurrence of related lesions. Their study also 
underscores the importance of categorizing congenital 
cardiac malformations according to pathogenetic rela- 
tion, however dissimilar the end product may appear 
to be from a functional or even anatomic point of view. 
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Similarly, anomalies should not be classed in the same 

_category purely on the basis of pathologic or functional 
similarity, if in fact they are unrelated pathogenetical- 
ly. 

Epidemiologic and genetic studies of the type made 
by Fraser and Hunter cannot be expected to produce 
useful and valid data, unless pathogenetic relations are 
taken into account in categorizing cardiac (or any other) 
malformations. At present we do not know the patho- 
genesis of all cardiac anomalies, but we believe that we 
are reasonably certain of many of them. 
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REPORT ON THERAPY 


Effectiveness of Intraaortic Balloon Pumping Without 
Cardiac Surgery for Patients With Severe Heart Failure 
Secondary toa Recent wyocaralal Infarction 


FRANS HAGEMEIJER, MD, FACC : Twenty-flve patients with class Ill or class IV left ventricular failure 


JOHN D. LAIRD, DPhil (Myocardial Infarctlon Research Unit criteria) after a recent myocardial 
MAX M. P. HAALEBOS,- MD infarctlon were treated with intraaortic balloon pumping between De- 
PAUL G. HUGENHOLTZ, MD, FACC . cember 1, 1972 and December 1, 1976. Three patients had no improve- 


ment and died during pumping. Two patients with improvement died during 
an attempt at weaning from circulatory assistance. Of 20 patients suc- 
cessfully weaned, 6 died within 3 months, 5 of these within 10 days after 
the weaning procedure. Of 14 patients who survived for more than 3 
months, 13 were allve on February 15, 1977. Twelve of these 13 were in 
functional class II and 6 had resumed professlonai actlvitles. 
Intraaortic balloon pumping proved an effective method for treating 
severe left ventricular fallure after an acute myocardial Infarction. Even 
: without surgery, 14 of 25 patients survived 3 or more months after an acute 
j __ Infarction compilcated by serious pump failure. , 


Rotterdam, the Netherlands 


Cardiogenic shock after an acute myocardial infarction constitutes the 

-terminal stage of left ventricular failure. It is the majort cause of death 

, inthe coronary care unit, with a mortality rate of 90 to 100 percent.18 

Many drugs have been tried in the management of this condition,** 

© frequently with disappointing results. Temporary circulatory assistance, 

i i ; . usually with intraaortic balloon pumping, has been shown to improve 

the patient’s clinical condition rapidly’! so that cardiac catheterization 

can be undertaken!4 and emergency surgery considered. In 1972, the 

team at the Massachusetts General Hospital!° reported their first results 

in the management of such patients. Intraaortic-balloon pumping as- 

sociated with emergency cardiac surgery, including aortocoronary by- 

pass, infarctectomy and insertion of a prosthetic valve, resulted in a 50 

percent long-term survival rate for a condition that otherwise would have 

been almost uniformly fatal. 

‘In the fall of 1972, we initiated a program of immediate circulatory 

` assistance for patients with severe left ventricular failure after an acute 

myocardial infarction. In most of these patients, immediate cardiac 

surgery was not possible; cardiac catheterization and cineangiography 

- were carried out to document the extent of the cardiac lesions and to 

evaluate the possibility of heart surgery at a later stage, at least 6 weeks 
after the acute ischemic episode. 

We report here our experience with intraaortic balloon pumping 

without cardiac surgery in 25 patients between December 1, 1972 and 


From the Thoraxcenter, Dijkzigt Hospital and December 1, 1976 for severe pump failure caused bya arecent myocardial 
Erasmus University, Rotterdam, The Netherlands. ‘infarction. 
Manuscript received March 11, 1977; revised 
f T recelved May 31, 1977, accepted June Materlal and Methods F 
Address, for reprints: Frans Hagemeljer, MD, Patients: Intraaortic balloon pumping was considered in all patients with 
Thoraxcenter, Erasmus University, PB. 1738, © severe heart failure due to a recent myocardial infarction, provided none of the 


Rotterdam, The Netherlands.- following contraindications were present: age over 65 years, no definite acute 


j 
i 
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BALLOON PUMPING FOR CARDIOGENIC SHOCK—HAGEMEIJER ET AL. . d 


TABLE | 
Classification of Left Ventricular Fallure After Acute Myocardial infarction 
Class Class Class `- Class eo 
I : Il Ill. IV 
Clinical . d i ` 
Consclousness . Normal Worried Anxious Restless, subcomatose 
Skin, $ Wam, dry Tepid Cool, dry Cold, molst, cyanosis 
Pulse ; Normal Normal Weak Very weak, absent’ 
Heart sounds Normal Normal! Soft Very soft 
Gallops No Ss No S3 S3, S4 S3, S4 
*Molst rales ‘None Bases 10-15 cm Pulmonary edema 
Chest roentgenogram* Normal Dilatation of Interstitial Alveolar edema 
upper lobar ‘edema 
veins 
, Hemodynamic . 
HR mn 70-85 85-100 90-110 > 100 
BP (mm Ho) f >90 80-90 60-80 <60 
PAP (mm Hg <12 12-14 14-18 . >18 
CI (liters. jaa tm -23 í >3.0 - 2.5-3.0 2.0-2.5 © <20 
LVW (liters-mm Hgemin™ tm™?) - >270 200-270 120-200 <120 
SWI (mi-mm Hgem™?) >3000 2000-3000 1200-2000 <1200 
Urine (mi-hr71} ee z >50 40-50 20-40 <20 


* Classification according to Meszaros. 1 
BP = mean arterial pressure; Cl = 
duction. 


ischemic episode within the last 36 hours, shock starting more 
than 6 hours previously (this condition was rescinded in 
February 1974), untreated rhythm disturbances, nonpatency 
of the femoral arteries, aortic regurgitation and coexistent 
severe disease such as cancer. 

The classification of left ventricular failure developed in 
the United States by the Myocardial Infarction Research 


Units was adopted. Details are provided in Table I. Chest . 


roentgenograms were classified according to the criteria of 
Meszaros.!® Orginally, intraaortic balloon pumping was to be 
used only in class IV patients with cardiogenic shock. In many 
patients with an extensive infarction, shock progresses from 
class IH to class IV despite intensive drug therapy. It was 
therefore decided to use the intraaortic balloon pump also in 
class III patients, with the goals of avoiding prolonged isch- 
emia and salvaging as much viable myocardium as possible. 
Under this protocol, 25 patients were treated with intraaortic 
balloon pumping between December 1, 1972 and December 


1, 1976 for severe left ventricular failure after a recent myo-: 


cardial infarction. Hight paneis had class IN and 17 had class 
IV failure. : 
Technique of circulatory assistance: Intraaortic balloon 


pumping was carried out with use of an AVCO type IABP-7 


pump and a three segment! helium inflated balloon posi- 
tioned by a surgeon after a cutdown procedure on the femoral 
artery, preferably on the right side. The distal tip of the bal- 
loon catheter was positioned at the beginning of the de- 
scending thoracic aorta, downstream from the origin of the 
left subclavian artery. If the femoral artery was too small to 
accommodate a.40 ml balloon, a 30 ml balloon was inserted 
instead. 

Practical procedure: When shock was observed after a an 
acute myocardial infarction, the physician i in charge of the 
coronary care unit used mainly clinical signs to assess the se- 
verity of heart failure (Table I). The senior cardiologist and 
the thoracic surgeon then decided whether to accept the pa- 
tient for intraaortic balloon pumping. During the time re- 
quired to assemble the surgical team and to prepare the op- 
erating room, the degree of left ventricular failure was further 
quantified: a urinary catheter was placed in the bladder; a 
Swan-Ganz catheter was positioned in the pulmonary artery 


cardiac index; HR = heart rate; LVW = 


left ventricular work; SWI = stroke work index; Urine = urine pro- 


and a catheter was introduced through the radial or brachial 
artery to monitor intraaortic blood pressure. Intensive ther- 
apy, including diuretic drugs (such as furosemide, 250 mg 
intravenously) and pressor amines (such as dopamine, 0.1 to 
1.0 mg/min), was instituted immediately to sustain life until 
circulatory assistance could be initiated. Tracheal intubation 
and assisted ventilation were started if arterial oxygen satu- 
ration decreased to less than 90 percent. 

Associated treatment: Dopamine was discontinued as 
soon as a satisfactory arterial pressure could be maintained 
with intraaortic balloon pumping alone. 

Ouabain, 0.125 mg intravenously every 3 hours, was given 
to establish digitalis tolerance,!? then replaced with digoxin, 
0.125 to 0.25 mg daily. 

Furosemide was given intravenously in 20 mg increments 
at a dose sufficient to maintain a diuresis in excess of 20 
ml/hour: 

Antiarrhythmic drugs: lidocaine (2 to 4 mg/min intrave- 
nously) was the drug of choice; lidocaine-resistant ventricular 
rhythm disturbances were treated with aprindine, procain- 
amide, disopyramide or quinidine and occasionally with ov- 
erdrive suppression. 

Pacemakers were used in the management of complete 
atrioventricular block or for overdrive suppression of ven- 
tricular arrhythmias. 

Heparin, 50 mg intravenously every 6 hours, was given to 
prevent thrombosis around the intravascular catheters and í 
in the leg veins. 

Prednisolone, 100 mg intravenously daily, was given for iè 
treatment of shock lung and for the proteston of 
ischemic myocardium.!8-20 

Ampicillin, 2 g/day, Was given during the first 5 days of 
circulatory assistance. 

Oral feeding was initiated as soon as possible to protect the 
gastrointestinal mucosa.?! 

Plasma was given if a decrease in diuresis was associated- 
with a pulmonary capillary wedge pressure of less than 18 mm 
Hg.?2 

Patient surveillance: During the first 48 hours of.in- 
traaortic balloon pumping, aortic and pulmonary. arterial 
pressures and urinary output were monitored continuously. 
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TABLE |I i : 
Results of Intraaortic Balloon Pumping In 25 Patients 
Case Age (yr) Site Duration ; 
no. & Sex MI Date MI IABP (days) Cath Weaning Death Survival 
: A. Class III Left Ventricular Failure 

1 58M AL 2/4/74 5 No Yes Allve >36 mo 

2 37F AL 6/2/74 4 No Yes 6/10/74 8 days 

3 41M AL 8/19/74 4 No Yes Allve >30 mo 

4 34M A 9/14/74 4 No Yes Allve >29 mo 

5 59M AL 7/22/75 9 No No 8/1/75 9 days 

6 47F A 1/15/76 17 Yes Yes Alive >13 mo 

7 _ 44M DP 9/30/76 13 Yes Yes Alive >4 mo 

8 65F A 10/6/76 44 Yes Yes Alive >4 mo 

B. Class IV Left Ventricular Fallure (Cardiogenic Shock) 

9 62F AL 12/17/72 4 No Yes 12/28/72 - 11 days 
10 47M AL 9/23/73 8 No Yes 12/18/74* 15 mo 
11 55M PD 11/5/73 14 No Yes 12/25/73t 50 days 
12 59M AL 2/12/74 2 No No 2/14/74 2 days 
13 41M - A 7/31/74 4 No Yes Allve >30 mo 
14 58M AL 10/14/74 -10 | No Yes Allve >28 mo 
15 47M AL. 1/7/75 6 No Yes 1/16/75 8 days 
16 47M PDL 5/27/75 22 Yes Yes Alive >21 mo 
17 55M AL 9/12/75 24 Yes Yes Alive >17 mo 
18 61M AL 12/21/75 15 Yes Yes Alive >14 mo 
19 56F PDL 1/6/76 15 Yes Yes 1/27/76 21 days 
20 54M At 3/24/76 4 No Yes Alive >11mo 
21 49M DL 5/15/78 1 No No 5/17/76 2 days 
22 64F DL 6/29/76 8 No No 7/14/78 15 days 
23 54M AL ‘8/29/78 5 hr No No 8/30/76 1 day 
24 61M DP 9/11/76 11 ‘No Yes 10/7/76 26 days 
25 51M DL 10/4/78 16 Yes Yes Allve >4 mo 

* Suicide. 


-t Lung abscess with Klebsiella, Pseudomonas aeruginosa and Staphylococcus aureus. 
t Intractable ventricular arrhythmias with increasingly severe cardiogenic shock. 
A = anterior; Cath = cardlac catheterization; D = diaphragmatic; IABP = 


P = posterior. 


As soon as the systemic pressure was stable and could be 
measured with the cuff, the arterial catheter was removed. 
Similarly, unless the patient required dopamine, the Swan- 
_ Ganz catheter was removed upon stabilization of left ven- 
tricular filling pressures, to avoid pulmonary complications 
associated with prolonged use of the catheter. The urinary 
catheter was removed 24 to 48 hours later when the daily re- 
quirement for diuretic drugs had been established. From that 
moment, only noninvasive techniques were used to assess the 
patient’s clinical condition. 

Weaning procedure: The balloon catheter was always 
removed in the operating room, with careful repair of the 
femoral artery. Twelve hours before this scheduled procedure 
invasive monitoring was resumed, a thermodilution Swan- 
Ganz catheter was positioned in the pulmonary artery and a 
catheter was placed in the bladder. At hourly intervals, the 
following data were collected: heart rate, systemic blood 
pressure (cuff measurement), pulmonary arterial and pul- 
monary capillary wedge pressure, mixed venous oxygen sat- 
uration, cardiac output (by thermodilution) and production 
of urine. After 2 hours of baseline measurements,.the rate of 
intraaortic balloon pumping was progressively decreased at 
2 hourly intervals: one inflation every other beat followed by 
one inflation every four beats and finally one inflation every 
eight beats. If all the measured variables remained within 
acceptable limits during at least 2 hours with the pump 
functioning only every eighth beat, the balloon catheter was 
removed as planned. If the patient’s condition deteriorated 
during the weaning procedure, intraaortic balloon pumping 
-was resumed at the normal 1:1 frequency and continued for 
at least another week. 
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intraaortic balloon pumping; L = lateral; MI = myocardial Infarctlon; 


Results 


The results in the 25 patients are presented in Table 
Il. Prolonged intraaortic balloon pumping was the 
mainstay in the management of these patients. Within 
a few hours, blood pressure and production of urine 


increased in all but four patients. Arterial and mixed 
“venous oxygen saturation levels improved only slowly 


as did pulmonary capillary wedge pressure and cardiac 


_ output. Before the onset of intraaortic balloon pumping, 


digitalis and diuretic drugs produced no effect; after 
initiation of pumping, the usual pharmacologic effects 
of these drugs could again be observed. 

Mortality: Five patients died during intraaortic 


‘balloon pumping, two at the end of the weaning proce- 


dure; both failed to respond to resumption of 1:1 
pumping (Table I). Twenty patients could be weaned 
from circulatory assistance after a variable time of in- 
traaortic balloon pumping. Six patients survived less 
than 3 months; three of these died within I week with 
recurring cardiogenic shock; two patients died suddenly, 
8 and 9 days, respectively, after discontinuation of in- 
traaortic balloon pumping; both had ventricular fi- 
brillation that failed to respond to immediate resusci- 
tation procedures. One patient died from pulmonary 
infection (Klebsiella, Pseudomonas aeruginosa .and 
Staphylococcus aureus) secondary to assisted ventila- 
tion 36 days after weaning from effective intraaortic 
balloon pumping. One patient committed suicide 15 


953. 
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FIGURE 1. Survival after Intraaortic balloon pumping (IABP) in 25 pa- 
tients with class Ill or IV left ventricular failure after a recent myocardial - 


Infarction. - 


months after his myocardial infarction”; all the others 


were alive on February.15, 1977 (Fig. 1). In summary, | 


14 of 25 patients (56 percent) survived for more than 3 
months after the acute episode of severe left ventricular 


failure; of the 17 patients treated over a year ago, 10 (59 


percent) survived for more than 12 months. 


Class ITI versus class IV patients: Immediate sur- , 
vival was similar for class III patients (7 of 8) and for.’ 


those in class IV (with cardiogenic shock) (13 of 17) 
(Table IO). However, early mortality was definitely 
greater in class IV patients. Prolonged intraaortic bal- 


loon pumping, required because attempts at weaning ; 
were unsuccessful, did not carry a worse prognosis: 7 of - 


10 patients undergoing puniping for more than 1p days 
are long-term survivors. 
Follow-up: Most long-term survivors lead kanti 


active lives. Six patients have resumed professional 
activities, two women take care of their households and. 


the others are retired but self-supporting. Of the 13 


patients alive on February 15, 1977, 12 are in functional 


class I[.784 All receive maintenance digitalis and diuretic -` 
therapy; six patients require chronic antiarrhythmic 


medication (aprindine, procainamide, disopyramide 
and others). 


Discussion 


_ Left ventricular failure resulting from myocardial ` . 


infarction follows the disappearance of mechanical ac- 
tivity in a large portion of the left ventricle..?6 This 
noncontractile myocardium is not necessarily necrotic; 
it may be only ischemic. One of the first properties lost 
by ischemic myocardium is the force of contraction.” 
Even after prolonged ischemia, resumption of an ade- 


quate arterial perfusion may normalize the function of- 


the myocardial cell, and contractions may reappear. In 
myocardial infarction, the ratio of necrotic to ischemic 
myocardium is not predetermined; however, both ne- 
crotic and ischemic cells lose their contractile properties. 
When coronary perfusion remains deficient or the 
oxygen debt increases, ischemic but potentially viable 


TABLE Il! 


Survival as a Function of the Duration of Intraaortic ‘Balloon 
Pumping (IABP) and of the Severity of Left Ventricular’ 
Fallure* 





oo Duration of ABP ____ 
as N , <5 Days 5-10 Days >10 Days Total’ 
Class lll {8 patients) taoa 

Died during IABP 0 1 0 1 

Survival <3 mo 1 0 - 0- 1- 

Survival >3 mo : -2 | 3 8 
Class IV (17 patients) . 

Died during IABP 3 1 0 4 

Survival <3 mo 1 tll, 3 5 

Survival >3 mo 2 2 4 8 


* Class Ill and IV left ventricular failure defined i according to Myo-. 


cardial Infarction Research Unit-criterla. 


_ myocardial cells will become necrotic too, new foci of 
ischemia will appear and, ultimately, patient survival _ 

` will become impossible. 
In theory, ischemic myocardium could be salvaged 


in three ways: emergency revascularization”®”* to in- 
crease oxygen supply, pharmacologic reduction of af- 
terload® to decrease cardiac oxygen requirements and 
intraaortic balloon pumping, which combines me- 
chanical afterload reduction in systole with a better 
perfusion of the coronary arteries in diastole.3:7-15.16 Th 
our series, only intraaortic balloon pumping was used, 
occasionally combined with pharmacologic vasodilation 
(nitroprusside) if the limbs remained cold despite cir- 
‘culatory assistance, and if sysvemniy blood pressure was 
sufficient. - 

Role of emergency asia surgery: Various cen- 


_ ters have’ reported: that intraaortic balloon pumping, 


combined with emergency heart surgery could save 
roughly 50 percent of the patients with cardiogenic 
shock, more than could be saved with circulatory as- 
sistance alone.®:7-1329-44 In our department, emergency 
cardiac surgery within the first 24 hours after the onset 


_ of myocardial infarction was attempted only once, and 


the patient died. During the first few. days of intradortic 
balloon pumping, the patient’s condition was often so 
‘critical that survival after surgery seemed unlikely. In 
addition, the effectiveness of prolonged circulatory 
assistance suggested that surgery could be postponed 
until it could be carried out electively. Cardiac cathe- 
terization‘and coronary angiography, performed when 


_the patient no longer had cardiogenic shock, often 


showed vascular and cardiac lesions so extensive that 
even elective cardiac surgery was contraindicated. 


'`_ Autopsy data are available in 11 of the 12 patients 


who died before February 15, 1977. Only one patient 
might have survived after receiving 'a mitral valve 
prosthesis for a ruptured papillary muscle (Case 2): 
Surgery was not needed for Patient 10, who committed 
suicide 15 months later,” nor for Patient 11, who.died 


. of bilateral bronchopneumonia 36 days after successful 


weaning from circulatory assistance. In the eight re- 
maining patients, necrosis involved more than ai per- 
cent of the left ventricle. | 
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We agree with other workers that the outlook for ' 


„patient survival improves when cardiac surgery can 
correct the anatomic lesions responsible for cardiogenic 
Shock, but patient selection and the timing of surgery 


are delicate decisions. The fact that 50 percent of our 


patients survived without cardiac surgery proves that 
early decisions regarding surgery are not mandatory. 
Balloon dependence: This is a potentially disastrous 
condition®® where survival is impossible without cir- 
culatory assistance. Its hallmark is hemodynamic de- 
terioration during the weaning procedure. Weaning is 
a difficult phase in the management of these patients: 
two of them died during this procedure. In seven other 
patients, progressive hemodynamic deterioration during 
weaning could be reversed by resumption of 1 to 1 
pumping; later, weaning was carried out successfully 


after another period of circulatory assistance. A similar ` 
observation was reported by Mathivat et al.36 The. 


condition of their patient with class IV cardiogenic 
shock treated with intraaortic balloon pumping was 
considered inoperable after cardiac catheterization; an 
attempt at weaning after 14 days showed balloon pump 
dependence, yet this procedure was successfully carried 
out 3 days later and the patient was alive 4 months 
later. : 
Class III heart failure versus class IV cardio- 
genic shock: Class III heart failure, representing a 
lesser extent of left ventricular damage, would be ex- 


pected to have a better prognosis than class IV cardio- . 


genic shock. This would be true if the impairment of left 
ventricular function were due entirely to necrosis. Our 
results show that intraaortic balloon pumping was ef- 
fective in both groups of patients (Table III). However, 
circulatory assistance was more frequently prolonged 
in class IV patients, mainly because reversal of the im- 
paired hemodynamic situation required more time. 
Survival probably depended on how much mechanically 
inactive ischemic myocardium could be salvaged. In this 
regard, the recent observations of Wyatt et al.3” are 
encouraging. If class IMI heart failure is mostly due to 
complete necrosis of early onset, progression to class IV 
cardiogenic. shock and death is probably inevitable. 
Nevertheless class IV patients are definitely more 


fragile, and early mortality was significantly greater. 


than in class IH patients. 
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Indications for intraaortic balloon . pumping: 
When to refuse a patient for intraaortic balloon 
pumping is a difficult decision. Autopsy data are likely 
to be misinterpreted: When a patient has died, it is 
difficult to determine how much muscle was lost from 
the outset and how much more became necrotic during 
the vicious cycle of terminal cardiogenic shock.*5.3840 
Yet salvage of ischemic myocardium must be regarded 


“as an-emergency. Experimental evidence*! shows that 


intraaortic balloon pumping can delay the evolution 
from ischemia to necrosis and that its effectiveness in- 
creases the earlier it is applied. Collateral circulation 
may be adequate for prolonged cell survival without 
mechanical activity because it has been shown that an 
akinetic zone may recover its contractile properties after 


‘bypass surgery.942 Circulatory assistance should 


therefore be initiated as soon as possible. Because it is 
very difficult to decide when the necrotic process is 
complete, circulatory assistance should be attempted 
even when the first symptoms of myocardial infarction 
occcurred more than 24 hours earlier. Nine patients in 
our series were in this category; six are long-term sur- 
vivors. 

Whether preservation of human life at any cost by 
technical means is ethically justifiable is an open debate. 
We would not be satisfied if all our efforts resulted only 
in cardiac cripples. Fortunately, the quality of life en- 
joyed by our long-term survivors is. similar to that of 


‘ other people who sustained a less severe myocardial 


infarction: The major difference is the need for-abun- 
dant medication, necessitated by heart failure and by 
serious ventricular rhythm disturbances. Intraaortic 
balloon pumping of patients in severe left ventricular 
failure resulting from a récent myocardial infarction is 
therefore a rewarding endeavor when it is continued 
long enough to achieve independence from circulatory 
assistance. The extra cost of the pumping procedure 


‘itself is well worth the effect. 
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The effects of a aiioe Intravenous Infusion of 500 mg of procainamide on 
macro-reentry within the His-Purkinje system were assessed in 10 patients 
using bundle of His electrograms and the ventricular extrastlmulus method. 
Procalnamide did not abolish reentry In any of the 10 patients and pro- 
duced repetitive reentry (two or more consecutive reentrant beats) In 8 
of 10 patients. On the average, procainamide caused reentry to be Initiated 
at longer S4-Sz Intervals, widening the zone of reentry. In all but one patient - 
reentry was manifest at significantly longer S.-H; intervals than control 


‘values. The H-V Intervals of reentrant beats (H2-V3 Intervals) after pro- 
, Calnamide were longer than control values at comparable S5-H, Intervals. 
‘Procalnamide shortened or abolished the retrograde gap zones thereby 


causing reentry to be present more frequently within the zone of reentry. 


` No significant change was seen In effective refractory period of ventricular 


muscle. 
On the assumption that many clinically encountered ventricular ar- 


_rhythmias that respond to procainamide result from micro-reentry, the 


observed differences between the effects of procainamide on macro- and 
micro-reentry may be explained on the basis of the relation between drug 
effect and size of the reentrant circuit. Procainamide may produce a 
greater Increase In refractoriness in a mlcro-reentrant circult than In 
macro-reentry, thereby producing bilateral block and abolishing reentry 


l _In the former; or If the degree of electrophyslológlc changes produced by 
` procainamide were the same in both types of circults, then for a glven 
- Change, the pathway In a Mero; reentrant circuit may be too small to 
` ‘sustain reentry. 


A clinical model for TEE reentry within the His- Purkinje 


system has recently been developed.! It has been noted in approximately 
50 percent of patients that during a constant paced ventricular cycle a 
closely coupled premature ventricular beat (V2) is followed by another 
beat of ventricular origin (V3), the characteristics of which are consistent 
with reentry involving both: bundle branches and the. bundle of His. This 


_ form of reentry (1) occurs within a narrow rangé of closely coupled V1—V2 


intervals, (2) is dependent upon the attainment of a critical degree of 


retrograde conduction delay within the His- Purkinje system, and (3) 


is independent of retrograde conduction within the atrioventricular 


: (A-V) node. 


The present study was undertaken to evaluate.the effects of pro- 


- eainamide on this form of reentry within the His-Purkinje system in a 
`. group of patients in whom the phenomenon could be consistently re- 
Pigeueee 


Methods .. 
Patients: Right heart catheterization was performed in 12 nonconsecutive 


' patients in the postabsorptive nonsedated state..Electrophysiologic studies were 
' performed in two patients (Cases 4 and 9) for evaluation of paroxysmal atrial 


i 
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TABLE | 
Clinical Data. . Be 
Case. Age {yr) Clinical 
1 64M . NHD >. Nor a 
2° ,28M .N : V conduction delay ` 
-3 ` 48M ` Hypertension, ASHD . Old DMI. - + 
4. _ §38M ` ASHD ; Atrial fibrillation 
5 49M Hypertension ` LAD. 3 
6 .— 36M Hypertension APCs, Incomplete RBBB 
SE ge 19M NHD Short P-R Interval 
"8. -48M NHD — . ~— APCs Ka 
9 45M, ASHD © > ` „Atrial fibrillation - 
10. 57M .ASHD `. -Normal - 
11* .47M` | ASHD' > > Normal” 
-12* 50F . ASHD - i APCs __ 


`- * Patlents who did not have reentry within the Hls-Purkinje system 
: during control studies. ` 

';- APCs = atrial premature contractions; ASHD.= atherosclerotic heart 

. disease; DMI = diaphragmatic myocardial Infarctlon; ECG = electro- 


cardiogram; LAD = left axis deviation; NHD = no heart disease; RBBB - 


= Aigi bundle branch block; RY = = right ventricular. 


fibrillation andi in three others (Cases 2, 6 and 7) for suspected 
paroxysmal-atrial tachycardia. Six additional patients were 
studied, three for each of the following reasons: (1) évaluation 


of atypical chest pain (Cases 8, 11 and 12) with atrial pacing ` 


"because a treadmill exercise test could not be performed; and 


` “(2) to exclude cardiac arrhythmia as a cause of syncope (Cases. 
1;3 and 5) when no othér cause'was found. One (Case 10) was , 


' a volunteer. The experimental nature of the study was ex- 


plained to all patients and signed consent obtained. No patient. 


was receiving cardioactive drugs at the time of study. All had 
normal serum potassium and blood urea nitrogen values. 


Recordings: Bundle of His electrograms were recorded as 
previously described? using’ a tri- or quadripolar electrode. 


catheter that was introduced ‘percutaneously into the right 
femoral vein and fluoroscopically positioned in the region of 
. the tricuspid’ valve. A no. 7 quadripolar’ catheter was intro- 


duced into an antecubital vein and advanced to the high right. 
atrium near its junction. with the superior vena cava. The ` 


‘distal pair of electrodes.was used to stimulate the atrium and 
. the proximal pair to record a high right atrial electrogram. 

` A bipolar, electrode catheter was percutaneously introduced 
_. into a separate antecubital vein and was positioned under 
fluoroscopy at the right ventricular apex. for ventricular 


stimulation. Atrial and ventricular stimulation was peformed. 


using a programmed digital, stimulator that delivered rec- 


tangular impulses-of 1.5 msec duration. Minimal milliam-, ` 


perage that allowed reliable capture for atrial and ventricular 
pacing was used. Intracardiac electrograms recorded at fre- 
_quency setting of 40 to 500 hertz, electrocardiographic leads 
- I, O, OI and V, and time lines generated at 10 and 100msec 
. were simultaneously displayed on a multichannel oscilloscope 
and relayed to'a magnetic tape recorder. The records were 
‘later reproduced at a paper speed of 150 mm/sec. Careful at- 
‘tention was paid to the grounding of all equipment. Mea- 
surements of A-V and ventriculoatrial (V-A) conduction times 
were made at all cycle léngths up to au msec for atrial ang 375 
msec for ventricular pacing. 
’ Measurements before ana. aftér rocaimandde infusion: 


Anterograde and retrograde refractory periods were deter- `- 


` mined at one or more ‘basic cycle lengths (A;-A; or Vi-V;) 
using the extrastimulus method.? Following every eighth beat 
of the basic drive,.a premature- beat (Ax or.V2) was introduced 

- at progressively decreasing (10 to 20 msec) coupling intervals 
(A1-Ag or V;-V2) up to the point of atrial or ventricular re- 


2 


fractoriness. A slow intravenous infusion of 5 percent dextrose 


in water was started in each patient before electrophysiologic. 


studies was initiated. In no patient were the characteristics 


- -of the delivered: stimuli or the site of stimulation changed T 


during the course of the study. ` 
Reentry within the His- Purkinje system was ‘observed in 


` 10 of 12 patients in whom ventricular refractory periods were - 
measured. In these 10 patients repeat electrophysiologic 


studies were performed immediately and'15 minutes after.the 


. intravenous administration of 500 mg of procainamide (0.5: 


to 0.8 mg/kg body weight) at a rate of 50 ‘mg/min. Similar 


from.an arm vein on the side opposite to that of infusion after 


control studies and before each repeat study. Blood pressure ` 
‘measurements were made frequently during the entire study. 


Plasma procainamide assays were carried out spectiophoto: 


.` metrically. 
- Statistical analyses were performed using Student's t test: : 


for paired data. - 
Definition of terms: Si Vi, H; and Ai represent he 


'_ stimulus artifact, ventticular electrogram, His bundle elec- 


trogram and atrial electrogram: of the basic drive beat, re- 


` spectively: 
Se, Ve, He and Aż represent the stimulus artifact, ventricular 
electrogram, His bundle electrogram and atrial electrogram: 


of the premature beat, respectively. « 


Anterograde refractory periods: Definition of the antero- - 


grade refractory periods have been previously described.4 - 


Retrograde conduction, intervals®; The onset of. induced - 

_ ventricular depolarization was measured from the. corte- . 
sponding stimulus artifact (S) and the S-H and S-A intervals 

were measured from’the stimulus artifact to the onset of the , 


His bundle electrograms and low atrial electrogram, respec- 


tively. The H-A interval was measured from the onset of the 
__ His bundle electrogram to the beginning of the low atrial 






‘Measurements were made before and after procainamide |.. ; 
‘administration in two patients in whom reentry within the 
. His-Purkinje system was not observed during control studies. 
` Blood samples for plasma procainamide levels were drawn | 





electrogram. Wher: Sz resulted in more than one ventricular `: oe 


beat the H-V interval of subsequent beats (H2-V3, H3-V4, ete)” 


was measured from the onset.of the His bundle electrogram _ | - 


to the earliest point of ventricular activation as observed « on: 


the electrocardiogram or the ventricular electrogram’. 
Effective refractory period of the ventricular myocardium: 


This is the longest S;-Se interval at which Se does not ever 
a ventricular response. yi ` . 


i ` Results ` 
Table I lists the essential clinical data for the 12 pa- 


‘tients. Patients 1 to 10 manifested reentry during con- 
- trol studies. Patients 11 and 12 manifested it only after 


procainamide infusion. None of the patients had elec- 


trocardiographic evidence of ventricular preexcitation, . a 
ventricular arrhythmias or clinical evidence op acute > 
`. myocardial ischemia. ` 


Anterograde Electrophyslologic Studies re 
"Two patients had atrial fibrillation, and in one tae S 


anterograde electrophysiologic studies were not re- 


peated after procainamide. The effects of procainamide 


on anterograde conduction and refractoriness were 


. similar to those previously reported for similar doses.® 
Procdinamide consistently prolonged the H-V interval’ l 
and increased refractorineag of the His- Purkinje sys- ` 


4 


tem.. 


t 
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TABLE li ; 
Cumulative Retrograde Electrophyslologic Data 
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15 Minutes 








Immediately ` 
, Control After PA -After PA ; 
Variable | (mean + SD) (mean + SD) . PValue* (mean + SD) . P Value* 
Zone of reentry.in HPS 301 + 33 to 319-+ 27 to <0.025 : 312 + 27 to >0.05 
(mean range of oe 253 + 35 255 + 25 : 260 + 28 
S,-S2 Intervals) : g 
+ Critical S.-H Interval 215 + 24 230 + 31 <0.05 - 2254 22 <0.025 
Longest SzH interval 28681 + 25` ' 280+ 27 - <0.025 278 + 26 <0.025 
achieve ; 
Shortest Hz-V; Interval 5644 6246 <0.005 60+5 - <0.05 
Longest H 3-V3 Interval 72+9 77+£9 >0.1 73411 >0.5 
H-V interval during 4445 4945 <0.001 48. 5 + 4.7 <0.001 
sinus rhythm ; 
ERP of VM 230 + 27 235 + 27 >0.05 236 + 21 >0.05 








* Not significant at 0.05 level of confidence. 


All measurements are In milliseconds. ERP = effective Rete period; HPS = Hlis-Purkinje system; H-V interval = His-Purkinje conduction - 


time; SD = standard deviation; VM'= ventricular muscle. 


Table II presents average retrograde data before and 
after administration of procainamide. Statistical sig- 
nificance was determined using refractory period data 
at all cycle lengths. Cumulative data were similar to data 
obtained by comparing refractory period data at the 
longest cycle length alone. Patient 5 demonstrated A-V 
dissociation at all rates of ventricular drive. Patients 4 
and 9 had atrial fibrillation. All other patients demon- 
- strated 1:1 retrograde atrial capture during basic ven- 
. tricular drive. 


Control Data on Reehiry 


Zone of reentry (S;-S interval) and S)-H, delay: 
Bundle of His deflections for both the basic drive beats 
(V1) as well as premature beats (V2) introduced at long 
. S1-Se intervals were obscured within their respective 
ventricular electrograms. At closer S;-S» intervals, 
retrograde conduction delay caused the Hz deflection 
to emerge from the ventricular electrogram (Fig. 1). 
Thereafter, in all but one patient (Case 7) an inverse 

` linear relation existed between decreasing S-S% inter- 
vals and increasing S2-H» delays except when an S2-Ho 
block occurred (see later). 


Within a critical range ‘of $;-S2 intervals (zone of l 


reentry), and consequent S2-H delays; Patients 1 to-10 
manifested a single reentrant beat (V3). during the 
control period (Fig. 1A). The critical ranges of S1-S2 
intervals and S2-Hx delays varied from patient to pa- 
tient. Once a critical So-H» delay was achieved, reentry 
consistently occurred at shorter S;-S» intervals up to the 
point of ventricular muscle refractoriness except when 
the S impulse was blocked in retrograde fashion below 
the His bundle electrogram recording site (Fig. 1A and 
2, Table II). The QRS configuration of V3 was similar 
to that of the basic drive (V1) and premature beats (V2). 
In none of the patients during control studies was the 


single reentrant beat (Vs) followed by a His bundle f 


deflection (i.e., Ha). 

H-V; interval of reentrant beats: In all 10 pa- 
tients, the Hy-V; interval of the reentrant beat bore an 
inverse relation to its corresponding S2-Ho interval; the 
longer the S2-H3 interval the shorter the H»-V3 interval 


and vice versa (Fig. 1A). However, the H»-V3 interval 
always remained greater than the H-V interval of sinus 
beats. The average shortest H-V interval during 
reentry was 56 + 4 msec (mean + standard deviation) 
(range of 50 to 86 msec), whereas the average H-V in- 
terval during sinus rhythm was 44 + 5 msec (range 35 
to 40 msec). 

__ S2-H; block: In six patients, a retrograde gap was 
observed within the zone of reentry (Fig. 2). At certain 
$1-S2 intervals within the zone of reentry the Sz impulse 

-activated the ventricles (V2) but failed to reach the 
bundle of His because of retrograde block, and the V3 
phenomenon did not occur. However, at closer S;-S» ` 
intervals, the So impulse resumed propagation to the 
bundle of His (Hy), whereupon reentry reappeared (Fig. 
2). Figure 2 illustrates the effects. of procainamide on 
S2-H block during and outside the zone e of PORE: 


Procainamide and Reentry 
S-S, zone of reentry: On the average, prooamamide 


_ caused the S;-S» zone of reentry to shift to the right and 


widen (Fig. 1, Table II). Comparison with control values 
- reveals that procainamide caused reentry to be initiated 
at longer. S;-So intervals in five patients, at identical 
S,-Se intervals in four patients and at shorter S,-S» 
intervals in one. The average minimal $;-S¢ interval at 
which reentry occurred was 18 msec longer after pro- 
cainamide than during the control period (301 + 33 


- versus 319 + 27 msec; P <0.025). 


S.-H. intervals at which reentry was initiated: 
For any given S,-S, interval, the S2-Ho interval after 
administration of procainamide was longer than‘the , 
control interval. After procainamide, significantly | 
longer S»-Hg intervals (180 to 275.msec) were required 
to initiate reentry in.all but one patient (Case 7) (Fig. 
1). The average So-Hpe interval at which reentry was 
initiated was 17 msec longer after procainamide than 
during the control period (213 + 24 versus 230 + 31 
msec; P <0.05). The longest S2-H3 intervals observed 
after procainamide were longer than control values 
(Table II). The average longest So-Ho interval observed 
after procainamide was significantly longer compared 
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with control values (261 + 25 versus 280 + 27 msec; P 
<0.025). After administration of procainamide, S2-H, 
_ intervals comparable to critical So-H» interval delays 
at which reentry was initiated in control studies were 


` ‘achieved only i in four patients (Cases 1, 5, 8 and 9). In 


the remaining six patients So-H» intervals comparable 
with minimal critical So-Ho interval delays were not 
- achieved because of sudden increases in the So-He in- 
terval (Fig. 1). 
` Procainamide induced reentry in two of two patients 
(Cases 11 and 12) in whom this phenomenon was not 
` observed during control studies. In these patients, sig- 
nificantly longer S2-Hz intervals were attained after 
procainamide. 

Hz-V; interval of reentrant beats: After procain- 


amide, the H2-V3 intervals remained greater than H-V _ 


i A CONTROL 





intervals of sinus beats, and the previously mentioned 
inverse relation between H.-V3.intervals and Sz- H2 
intervals persisted. The H2-V3 intervals after procain- 

amide were longer than the control interval at compd- 


_ Table S-Hy intervals. When successive reentrant beats 


occurred aftér procainamide the consecutive retrograde 
conduction delays were greater than the preceding 
retrograde delay, that is, V4-H4 > V3-H3 > Vo-He (Fig. 
3). Compared with control values, the average shortest 
H2-V3 interval after procainamide was significantly 
longer (56 + 4 versus 62 + 6 msec; P <0.005): After 
procainamide the average H-V interval during sinus 
rhythm was significantly longer than control values (44 
+ 5 versus 49 + 5; P <0.001). 

S2-H2 block: Procainamide shortened or abolished 
periods of S2-Hə block within the zone of reentry 











FIGURE 1A. Case 2. Zone of reen- 
try within the His-Purkinje system: _ 
control period. The basic ventricular 
_eycle length (VCL) (81-84) Is 800 
msec In all panels. Panel A, a pre- 
mature ventricular beat (V2) Intro- 
duced at an S,-S2 interval of 360 
msec conducts to the atria (A2) with 
an Sz-H, interval (retrograde His- 
Purkinje conduction time) of 195 
msec and an Hz-Ag Interval (retro- ` 
grade A-V nodal conduction time) of 
30 msec. A sinus escape beat fol- 
lows. Panel B, as the S,-S Interval 
is decreased to 340 msec, the 
SzHz Interval Increases to .220 
msec whereas the -Ho-A2 Interval 
remains unchanged. Vz is followed 
' by a reentrant beat (V3), which Is 
preceded by an H2-Vs Interval of 85 
msec, which is longer than the H-V 
interval of the sinus beat. Panel C, 
the V3 phenomenon continuéd to 
occur at closer S;-S2 Intervals‘and 
longer S2-H2 delays up to the point 
of the effective refractory perlod of 
the ventricular muscle (pane! D). In 


S-S; Intervals, 340 to 270, over 
which reentry occurred) the zone of ` 
reentry was 70 msec. 1, 2,3 and V; 
- = electrocardlographic leads I, Il; Ill 
_ and Vy; HBE = His bundle electro- 
gram; HRA = high right atrial elec- 
trogram; T = time lines at 10 and 
100 msec. 











this patient (that Is, the range of ‘ 





thereby causing reentry to be present more frequently. 


Periods of S2-Hə block on either side of the zone of >- 


reentry were similarly affected, resulting in a wider zone 

‘of reentry (Fig. 2). 
Effective refractory period of ventricular mus- 

cle: After procainamide a statistically insignificant 


mean increase of 5 msec occurred in the effective re- - 


fractory period of the ventricular muscle (230 + 27 
versus 235 + 27 msec; P >0.05). The effective refractory 
period of the ventricular muscle after procainamide was 
increased in seven patients and decreased in one. In the 
remaining two patients it was variably altered, de- 
pending on the paced cycle length. 
Plasma procainamide levels: The mean plasma 
levels immediately and 15 minutes after the completion 
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of infusion were 13.1 mg/liter (range 7.2 to 23) and 5 
mg/liter (range 3.9 to 7.6), respectively. 

Blood pressure: In most patients a decrease of ap- 
proximately 10 mm Hg in systolic blood pressure was 
observed during infusion of procainamide (range 116 
to 154 versus 106 to 142 mm Hg). No patient had sig- 
nificant hypotension or other side effects. 


Discussion 


Determinants of reentry within His-Purkinje sys- 
tem: The results of this study.confirm previous obser- 
vations concerning both the occurrence and determi- 
nants of this type of reentry within the His-Purkinje 
system.! Reentry, which can be demonstrated in 40 to 
50 percent of patients studied, occurs within a definable 


PROCAINAMIDE IMMED. 


FIGURE 1B. Same case, Immedi- 
ately after procainamide. Panel A, 
the basic ventricular cycle length ts 
the same as In Figure 1A. Panel B, 
after procainamide, the reentrant 
beat (V3) first appears at an S;-S2 
Interval of 380 msec and an S2-H, 
interval of 275 msec and persists up 
to $,-S2 Interval of 270 msec 
(panels C and D). The zone of 
reentry was Increased to 120 msec. 
Also, note the sudden increase in 
the S2H, interval compared wlth 
contro! values (compare panels A 
and B of this figure with panels A 
and B of Figure 1A). The S2-H2 de- 
lays are also significantly longer 
after the drug even at longer S4-82 
coupling Intervals (compare panels 
A and B of this figure with those of 
Figure 1A). The S2-He delays are’ 
also significantly longer after ad- 
ministration of the drug even at 
longer S;-S2 coupling Intervals _ 
(compare panels A and B of this 
figure with panels A to C of Figure 
1A). - 
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PROGAINAMIDE AND REENTRY—REDDY. ET AL. ` 


300 $ ERP j l r i 

É VM e e E ' ; 
E , & CONTROL `- FIGURE 2. Case 6. Effect of procainamide on retrograde - 

5 eee > ' Hls-Purkinje block (Sz-H2 block). The Sj~-S, intervals 

260 : ~  @PROCAINAMIDE (abscissa) are plotted against S2-H, intervals (ordinate) 

i y at the same basic ventricular cycle length (800 msec) 
ie ALGER before (closed triangles) and after procainamide (closed . - 

2 2 circles). In the control study, Hz emerged from the vən- 
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S,-Se zone and is dependent upon a critical degree of 
S2-Hp interval delay. The importance of the Sp-H» delay 
is related to the postulation that at close S,-S2 coupling 


intervals, the S impulse (delivered to the right ven- . ` 


‘tricular apex) encounters retrograde block within the 
‘right bundle branch. If propagation to the bundle of His 
by way of the left bundle branch is sufficiently delayed 
(So-He interval), adequate time is available for recovery 


of the right bundle branch over which, anterograde - 


conduction will permit reexcitation of the ventricles 
(V3). The fact that the H»-V3 interval of the reentrant 
beats is always longer than the H-V interval of sinus 
beats suggests that recovery of the right bundle branch 
is always incomplete. Also consistent with previous 
‘observations was the finding that this form of reentry 
was self-limiting; that is, it occurs usually for only one 
_or two beats. Thus in this form of reentry (involving 
both bundle branches and the bundle of His) the three 


- requisite conditions for reentry are met—namely, uni-- _ 
directional block, delayed conduction and recovery of . 


excitability.7-15 

Repetitive reentry after procainamide: The oc- 
currence of reentry for more than one beat after pro- 
cainamide may be explained in the following way. In the 
control period, reentry always terminated in the retro- 
grade limb of the reentrant circuit; that is, Va, was not 
followed by a His bundle deflection. One could infer 
from this.finding that the degree of anterograde con- 
duction delay, within the right bundle branch (H2-V3 
interval) was insufficient to allow recovery of the left 
bundle branch (retrograde limb). After procainamide 
the longer H-V intervals permitted the reentrant 
impulse to enter a more recovered left bundle branch. 


Successive reentrant ‘beats were also favored by the 


tricular electrogram at an S,-S» Interval of 440: msec. At 
shorter S,-S2 intervals, the SzH2 intervals manifested 
progressive increases except for three separate periods 


falled to propagate In retrograde manner to the bundle of 
His (—Sz-H» block). Block.between Sz and Hz occurred 
at S,-Sp Intervals of 430 to 400, 370 to 320 and 310 to 


occurred between S;-S> intervals of 330 to 320 msec. 
After procainamide H2 emerged at- an S,-S, interval of 
- 460 msec; only two zones of S2-H2 block occurred at 


Intervals of 310 to 270 the zone of So-He block was 
completely abolished. After procainamide reentry oc- 
curred between S,-So Intervals of 330 to 270 msec. Note 


intervals after procainamide are Jonger than control 


values. ERP VM = effective ey penoa of ven- 
tricular muscle. y 


greater length of the V2-H; intervals compared with the 


- Vo-He intervals. Thus, greater consecutive retrograde 
conduction delays (V4-H4 > V3-H3 > Vo-He) allowed 
‘more time for recovery of the anterograde limb (right 


bundle branch) of the reentrant circuit (Fig. 3). 
One possible explanation for the ultimate termination 


of repetitive reentry after procainamide, which almost ` 


without exception also occurred in the retrograde limb, 


‘can be found in the relation between increasing retro- 


grade delays (V2-H3 and V4-H,) and decreasing H3, V4 


_ and Hy,-V; intervals. Enhanced conduction within the 


anterograde limb eventually overcame recovery time of 


` the retrograde limb. 


Procainamide and the zone of reentry: For an 
antiarrhythmic drug to be effective in abolishing or 


_ preventing a reentrant arrhythmia, one or more of the 


three requisite conditions must be significantly af- 
fected.16-18 Reentry may be abolished if (1) the unidi- 
rectional block is relieved, (2) a bidirectional block is 


created, (3) the time required for recovery of excitability — 


exceeds the conduction delay, or both (2) and (8). Inthe 
present study, procainamide modified the zone of 


~ reentry but did not abolish it. The drug’s major effects 


were to increase both anterograde and retrograde con- 
duction times within the His-Purkinje system, the 
former being reflected by longer H2-V3 intervals and the 
latter by greater Sy-Hy intervals during reentry. The 


_ results of anterograde studies (‘Table II) also show that 


procainamide increased conduction time and refrac- 
toriness within the anterograde limb of the reentrant 
circuit. 

‘The need for a greater minimal SH, T to initiate 
reentry in four patients after procainamide suggests 
that at longer S;-S» intervals the time required for re- 
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in which the Sp Impulse depolarized the ventriciés but ` 


270 msec. Before procalnamide, reentry (arrows) only ` 


S,-Sp intervals of 430 to 420 and 370 to 320. At S4-S2 - 


that at comparable S2-S, Intervals, the resulting SoH - 
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; t ; . 
FIQURE 8. Case 2. Sustained reentry within the His-Purkinje system after procainamide. The basic ventricular cycle length (VCL) Is 700 msec In both 
panels. Identical coupling (S4-S2) intervals for the control perlod (panel A) and procalnamide (panel B) are presented. A, the reentrant process 
during the control period ls limited to a single beat (V3) and terminates spontaneously. The absence of Hg following V3 suggests that the reentrant 
Impulse blocked below the bundle of His after ventricular activation. B, procainamide results in consecutive or repetitive reentry (V3, V4 and Vs) 
which persists up to a coupling interval of 280 msec. Note that with successive reentry, the V-H Interval progressively increases as the H-V Intervals 
show a corresponding decrease (H2-V3 > Ha-V4 > Hy-Vg). However, all the H-V Intervals remain longer than in sinus beats. Abbreviations as In 


Figure 1. 


covery of excitability of the anterograde limb (right 
bundle branch) exceeded the increase in retrograde 


conduction delay (Se-H2 delay). However, at shorter 


8,-S2 intervals, the balance. between conduction delay 
and recovery of excitability became more favorable for 
reentry to occur. The greater retrograde delay required 
to induce reentry after procainamide was reached at 
S-S% intervals longer than control values and is a re- 
flection of increased retrograde conduction time and 
refractoriness within the His-Purkinje system. Yet 
another possibility is that procainamide may have re- 
sulted in earlier onset of retrograde block in the right 
bundle branch. 


Procainamide and macro-reentry: An interesting 


observation was the finding that procainamide signifi- 
cantly affected periods of Se-H»2 block within the zone 
of reentry. During S2-Hz block, which represents bi- 
lateral retrograde block within both bundle branches, 
reentry did not occur. Procainamide decreased or 
abolished periods of S2-H2 block, thereby causing 
reentry to be present more frequently within the zone 
of reentry. The mechanism by which procainamide 
narrowed or abolished periods of Se-Hg block is proba- 
bly similar to that responsible for other types of anter- 
ograde and retrograde gap phenomena, that is, proximal 
delay allowing more time for distal recovery.19*! Thus, 
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in this form of macro-reentry, procainamide acted ina 
seemingly paradoxical manner to that which is some- 
times suggested as a possible mechanism for the abol- 
ishment of reentry; that is, it relieved rather than caused 
bilateral block in the reentrant circuit. 
The attainment of longer and requisite S2-H9 interval 
delays after procainamide appears to be the primary 
reason why in two of two patients reentry occurred only 
after drug administration. It is also possible that in 
addition to producing requisite S2-H; delays procain- 
amide caused retrograde block in the right bundle 
branch that may not have been present during control 


‘studies. 


Possible explanations for the narrowing of the zone 
of reentry in one patient include partial penetration of 
right bundle branch by the S impulse while it is prop- 
agated by way of the left bundle ot resumption of ret- 
rograde conduction by way of the right bundle branch 


- at closer S;-S, intervals making it refractory in anter- 


ograde direction and thus preventing reexcitation of 
ventricular muscle. 


Clinical implications: It is not known exactly what 
relation this form of mactfo-reentry bears tó various 
types of clinical ventricular arrhythmias.22-24 Certainly, 
the results of this study differ from the usual clinical 


PROCAINAMIDE AND REENTRY—REDDY ET AL. 


experience wherein most ventricular arrhythmias re- - 
spond partially or completely to 500 mg doses of pro- - 


cainamide. If one assumes that many, if not most, 
clinically encountered ventricular arrhythmias result 
from micro-reentry within the His-Purkinje system, it 
` is possible that the observed differences result from the 
relation between drug effect and size of the reentrant 
circuit. Procainamide may produce a greater increase 
` in refractoriness in a micro-reentrant circuit than in the 
bundle branch system, thereby producing bilateral 
block and abolishing reentry in the former. On the other 
hand, if the degree of electrophysiologic changes pro- 
duced by procainamide were the same in both types of 
circuits, then it may be that, for a given change, the 
pathway in a micro-reentrant circuit is too small to 
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sustain reentry. Conversely, in'a longer reentrant 
pathway a greater change in refractoriness is required 


‘to abolish reentry. In this regard we did not examine the 


effects of doses greater than 500 mg of procainamide,” 
which presumably would have caused greater increases 


_ in refractoriness of the His-Purkinje system. Because 


the role of macro-reentry in ventricular arrhythmias is 
uncertain, the results of this study do not imply‘that . 
procainamide is not effective in the treatment of ven- 
tricular arrhythmias. 
Procainamide produced a smalli increase. in effective 
refractory period of ventricular muscle that is at vari- 
ance with results reported in a recent study.25 The 
reasons for this difference are not apparent from our 
study. 
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with a diuretic and/or other antihypertensive agents 
as needed for proper patient response. e 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
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with the use of Catapres (clonidine hydrochloride) in 
children. 8 
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of clonidine hydrochloride therapy or by intrave- 
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cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloridi 
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effective by extensive Holter monitoring 


NOPPace 


(disopyramide phosphate) 


as effective as quinidine sulfate for specific ventricular 
arrhythmias...but with less severe side effects 


Norpace efficacy was 
thoroughly proved 
and documented 


Norpace was Clinically evaluated in patients 
monitored by 9-hour Holter ECGs while receiv- 
ing placebo (two distinct periods) and Norpace 
(two distinct periods). Significant reductions 

in ventricular ectopy were recorded during 
Norpace therapy. Norpace was also compared 
with quinidine sulfate (quinidine), a standard 
antiarrhythmic agent, in patients randomly as- 
signed in double-blind studies, and was shown 
on the basis of 9-hour Holter monitoring to be 
as effective as quinidine in reducing ventricular 
ectopic activity. Finally, in oral acute studies 
involving 3-hour continuous ECGs, Norpace 
demonstrated the following: 1) a rapid onset 

of antiarrhythmic activity following an initial 
loading dose—achieving therapeutic plasma 
levels usually within 12 to 3 hours; 2) continued 
suppression of ectopy as a result of mainte- 
nance dosing over the subsequent 3 days; and 
3) further suppression of ectopy when dosage 
was increased in most cases where breakthrough 
was noted. No currently available antiarrhythmic 
agent has been subjected to such a rigidly 
controlled program of study prior to introduc- 
tion as has Norpace, nor have other antiarrhyth- 
mics been evaluated in a controlled comparison 
with a known standard such as quinidine. 


Norpace effectively 
treats specific 
ventricular arrhythmias 


Norpace is indicated when there is electrocar- 
diographic evidence of premature ventricular 
contractions (PVCs): unifocal, multifocal, or 
paired PVCs, or episodes of ventricular tachy- 
cardia (VT). Significant reductions in these 


ventricular arrhythmias have been demonstrated 
by 9-hour ambulatory ECG recording. 

During the clinical trials, efficacy in treating 
ventricular arrhythmias was proved in patients 
with primary cardiac arrhythmias or arrhyth- 
mias associated with coronary artery disease, 
and also in patients who were digitalized. 


Norpace demonstrated 
excellent patient tolerance 


In a double-blind multicenter clinical study (see 
next page for details), Norpace was found to 
have less severe side effects than quinidine 
sulfate and to be significantly better tolerated. 
The side effects of Norpace, in contrast with 
those of quinidine, were generally mild, being 
primarily anticholinergic in nature and fre- 
quently transient. 


Norpace demonstrated 
dose-related plasma 
levels 


Therapeutic levels ranging from 2-4 „g/ml are 
attained in response to 150 mg q 6h. Some 
patients with unusually refractory ventricular 
arrhythmias have required doses up to 400 mg 
q 6h which produced plasma levels in the range 
of 4-8 ug/ml. 


Norpace has minimal 
effect on hemodynamics 


At recommended oral doses, Norpace rarely 
produces significant alterations of blood pres- 
sure. Hemodynamic studies of the intravenous 
administration of Norpace in patients with 
coronary artery disease have revealed minimal 
cardiac depression with approximately a10% 


reduction in cardiac output. 
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proved as effective as quinidine sulfate 
for specific ventricular arrhythmias... 


Results of double-blind 
controlled studies 


A double-blind multicenter clinical study, in- 
volving five investigators, was conducted to 
compare the relative effectiveness and safety of 
Norpace and quinidine sulfate. Prior to qualify- 
ing for the study, each patient had antiarrhyth- 
mic medication discontinued for at least one 
week. Nine-hour Holter recordings were then 
used to establish an admission criterion of at 
least 60 ectopic beats per hour (PVCs, PACs or 
combination of the two). All other arrhythmias 
were excluded except paroxysmal ventricular 
or atrial tachycardias occurring in conjunction 
with the above. 


Study protocol 

After qualifying, patients were randomly as- 
signed to receive either Norpace (150 mg q 6 h) 
or matching capsules of quinidine sulfate 

(325 mg q 6h). Consultant cardiologists, based 
on their clinical experience, predicted these 
dosages to be comparable in effect. Every 

two weeks during the 8-week course of the study 
each patient returned to the investigator for a 
new supply of capsules and a 9-hour Holter 
recording. The four Holter recordings during 
therapy plus the qualifying recording provided 
objective, quantifiable electrocardiographic 
evidence of patient response to therapy. 


Norpace proved 
comparable to quinidine 
sulfate in reducing 
ventricular ectopic beats 


Figure 1 presents the relative effectiveness of 
Norpace and quinidine sulfate in reducing total 
and ventricular ectopy. It was apparent that 
both drugs were capable of reducing ectopic 
activity and maintaining suppression through- 
out the course of therapy. 

Fig 1. Median number of ectopic beats during successive 


2-week Holter recordings for Norpace- and quinidine- 
treated patients. 
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Quinidine Patients (40 completing study) 
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* Includes patients with more than 60 total (atrial and 
ventricular) ectopic beats per hour but who had fewer 
than 60 ventricular ectopic beats per hour. 


There was no statistically significant difference 
in reduction of ectopy between the two drugs. 
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with less severe side effects 


Relative safety of Norpace 
(disopyramide phosphate) 


and quinidine sulfate 


Reported side effects 

The entire study population was analyzed for 
side effects. The side effects experienced by 
Norpace patients were usually mild and mainly 
anticholinergic, including: dry mouth, urinary 
hesitancy, constipation, blurred vision. The 
anticholinergic side effects were generally 
transient. 


Adverse reactions with quinidine were more 
serious and affected a greater number of pa- 
tients. The most common symptoms were: 
severe diarrhea, cramps, nausea, vomiting, 
headache, dizziness, blurred vision, fever, 
chills and diaphoresis. 


Reasons for discontinuation of therapy 
Twenty-two quinidine patients discontinued 
therapy because of toxic effects, most of them 
within the first 2 weeks of treatment. Most of the 
quinidine sulfate dropouts experienced combi- 
nations of gastrointestinal symptoms often 
accompanied by dizziness and in five cases by 
a generalized pruritic rash. 


Five Norpace patients dropped out of the study, 
as a result of the following side effects: nausea 
and dizziness (2); pains in neck and back (1); 
urinary complaints in patient with known be- 
nign prostatic hypertrophy (1); and persistent 
paroxysmal ventricular tachycardia (1). (One 
patient dropped out because of lack of interest.) 


Please see last page for a brief summary of prescribing information. 


Norpace patient group 
had significantly 

fewer dropouts 

due to side effects 


Quinidine dropouts in 62 patients 





Norpace dropouts in 62 patients 


8.1% 





New from Searle 


NOPPace 
-(disopyramide phosphate) 


a unique agent for the treatment of 
specific ventricular cardiac arrhythmias 





Dosage and administration 


Supplied as 100-mg and 150-mg capsules. Dosage should \& 
P’ be individualized based on response and tolerance. / 

Usual adult dosage is 400 to 800 mg per day given in divided 

doses four times daily, following an initial loading dose. 


Recommended dosage regimen 





Patient type Loading dose Maintenance dose 











Note: Since Norpace is excreted in the urine, renal insufficiency appreciably extends 
the half-life of the drug. The chart below provides guidelines to the appropriate 
Norpace dosage in such patients. 


Norpace dosage interval adjustment for renal insufficiency 





@ Norpace plasma half-life may also be prolonged in patients with significant 
liver disease. 


NOPPace 
(disopyramide phosphate) 


m Effective as quinidine sulfate for specific ventricular 
arrhythmias and significantly better tolerated 


= Compatible with digitalis 
E Minimal effect on hemodynamics 
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- NOPPace 
(disopyramide phosphate) 


as effective as quinidine sulfate for specific ventricular 
arrhythmias... with less severe side effects 


SEARLE 
NORPACE® CAPSULES 
brand of disopyramide phosphate 


Before prescribing Norpace, please consult complete 
prescribing information, a summary of which follows: 
Indications: Norpace is indicated for suppression and preven- 
tion of recurrence of the following cardiac arrhythmias when 
they occur singly or in combination: unifocal premature (ectopic) 
ventricular contractions; premature (ectopic) ventricular con- 
tractions of multifocal origin; paired premature ventricular 
contractions (couplets); and episodes of ventricular tachycardia 
(persistent ventricular tachycardia is ordinarily treated with 

D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias 
in both digitalized and non-digitalized patients. It is also equally 
effective in treating primary cardiac arrhythmias and those 
which occur in association with coronary artery disease. Oral 
Norpace has not been adequately studied in patients with acute 
myocardial infarction or in patients with persistent ventricular 
tachycardia, atrial arrhythmias or arrhythmias due to digitalis 
intoxication. The value of antiarrhythmic drugs in preventing 
sudden death in patients with serious ventricular ectopic activity 
has not been established. 

Contraindications: Cardiogenic shock, preexisting second- or 
third-degree AV block (if no pacemaker is present), or known 
hypersensitivity to the drug. 

Warnings: Severe hypotension has been observed on rare 
occasions, primarily in patients with primary cardiomyopathy or 
inadequately compensated congestive heart failure. If hypo- 
tension develops Norpace should be discontinued promptly 
unless it is due to the arrhythmia. 

Norpace should not be used in the presence of poorly com- 
pensated or uncompensated congestive heart failure unless it is 
exacerbated by or caused by an arrhythmia and proper treat- 
ment including optimal digitalization has been accomplished. 

In some patients with marginally compensated heart failure, 
Norpace may cause cardiac decompensation. In these patients, 
progressing congestive heart failure should generally be treated 
with cardiac glycosides and diuretics and the course of treat- 
ment closely followed. Norpace dosage should be reduced or 
discontinued if adequate control of congestive failure is not 
attained. 

If first-degree heart block develops, the dosage of Norpace 
should be reduced. If the block persists, continuation of Norpace 
must depend upon an assessment of the benefit versus the risk. 
Development of second- or third-degree AV block or uni-, bi- or 
trifascicular block requires discontinuation of Norpace, unless 
the ventricular rate is adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not 
be used in patients with glaucoma or urinary retention, unless 
adequate overriding measures are taken. 

Precautions: If significant widening (greater than 25%) of the 
QRS complex occurs, Norpace should be discontinued. 

Patients with atrial flutter or fibrillation should be digitalized 
prior to Norpace administration to ensure that drug-induced 
enhancement of AV conduction does not allow a ventricular rate 
beyond physiologically acceptable limits. 

The effect of Norpace is presently uncertain in patients with 
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sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle 
branch block. 

Norpace should be administered cautiously to patients who 
are receiving or who have recently received other antiarrhyth- 
mic drugs. Excessive widening of the QRS complex may occur 
in such instances. 

Norpace dosage should be reduced in patients with impaired 
renal or hepatic function and the electrocardiogram carefully 
monitored for signs of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypo- 
kalemia. Therefore, any potassium deficit should be corrected 
before instituting Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not 
been established. The use of Norpace in pregnant women 
requires that the potential benefit be weighed against possible 
hazards to the fetus. 

It is not known whether disopyramide is excreted in human 
milk. However, studies in rats have shown that the concentration 
of disopyramide and its metabolites in milk is up to three times 
greater than in plasma. If use of the drug is deemed essential, 
an alternate method of infant feeding should be instituted. 
Labor and Delivery: The effects of Norpace on the fetus during 
delivery or on the course of labor and delivery are unknown. 
Pediatrics: The safety and effectiveness of Norpace in children 
have not been established. 

Adverse Reactions: Anticholinergic: dry mouth, urinary hesi- 
tancy, constipation, blurred vision, dry nose-eyes-throat, urinary 
retention. Genitourinary: urinary frequency and urgency, dysuria. 
Gastrointestinal: nausea, pain/bloating/gas, anorexia, diarrhea, 
vomiting. Centra/ Nervous System: nervousness, depression, in- 
somnia, impotence, dizziness, general fatigue/muscle weakness, 
headache, malaise. A single case of acute psychosis has been 
reported following Norpace therapy with prompt return to nor- 
mal mental status when therapy was stopped. Cardiovascular: 
edema/ weight gain, cardiac conduction disturbances, shortness 
of breath, syncope, chest pain, hypotension. Dermatologic: 
generalized rash/dermatoses. 

Dosage and Administration: Dosage must be individualized for 
each patient based upon response and tolerance. The usual 
adult dosage is 400 to 800 mg per day given in divided doses 
four times daily, following an initial loading dose. The recom- 
mended initial dosage schedule for adults is a single loading 
dose of 300 mg, followed by 150 mg every six hours. 

For patients of small stature, or those with moderate renal 
insufficiency, hepatic insufficiency, cardiomyopathy, or possible 
cardiac decompensation, a loading dose of 200 mg is recom- 
mended, followed by 100 mg every six hours. 

For patients with severe renal insufficiency lower doses are 
recommended. See complete prescribing information for details. 
Overdosage: No specific antidote for Norpace has been identi- 
fied; treatment of overdosage should be supportive. Overdosage 
might be expected to produce excessive widening of the QRS 
complex, worsening of congestive heart failure, hypotension, 
varying kinds and degrees of conduction disturbance, brady- 
cardia and finally asystole. Obvious anticholinergic effects 
might also be observed. The electrocardiogram should be 
monitored and supportive therapy with vasopressors, sympatho- 
mimetics, cardiac glycosides and diuretics should be given as 
required. In vitro studies have demonstrated good dialyzability 
for disopyramide. 
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This discussion of the sinus node begins with a description of its normal 
anatomy, particularly In the human heart, and then proceeds to a review 
of the several pathologic changes known to affect the sinus node. The 
latter include diseases of the sinus node artery, changes in the normal 
collagen framework of the node, pericarditis and certain infiltrative pro- 
cesses. The concluding sectlon combines an examination of function and 
structure of the sinus node on the basis of experimental observations. 
Some new laws of the heart dealing with governance of normal cardiac 
rhythm are presented. 


So often in research on cardiac function the sinus node is at best taken 
for granted and at worst ignored. This may be explained in part, at least, 
by the fact that the sinus node is rather small, that many persons are not 
familiar with where to find it or how it looks and that only in the last 
decade or so have there emerged new methods to study its function. 


Ironically, at this same time not only has the general public become 


keenly aware of the importance of stable cardiac rhythm, but also there 
is a growing appreciation of the commercial or market value of artificial 
means for assuring cardiac electrical stability. In this climate of public 
and corporate interest it seems especially timely to examine some of the 
unique advantages of that normal pacemaker, which comes as original 
equipment at no extra cost, is infinitely programmable, requires no 
surgery, carries no radiation hazard, requires no electrodes, has excellent 
cosmetic advantages and is conservatively guaranteed for 3 score years 
and 10. 

Because these numerous tangible assets deserve genuine ‘respect and 
careful preservation, it logically follows that physicians should have more 


_ knowledge of how the sinus node is made and how it works. This review 


will therefore consider in sequence the normal anatomy of the sinus node, 
structural alterations produced by disease and other abnormal states 
and some observations on function of the sinus node deduced from 
physiologic and pharmacologic experiments. 


Normal Anatomy of the Sinus Node 


In the human heart the sinus node lies just beneath the epicardium 
near the junction between the superior vena cava and right atrium much 
where it was first described to be by Keith and Flack! 70 years ago. In 
the dog it lies further back along the sulcus terminalis? as it also does in 
the rabbit,? while in the cow‘ and horse® it is more anteriorly placed, 
nearly over the junction of the superior vena cava and the crest of the 
right atrial appendage. There is considerable variability in the size and 
exact location of the sinus node of any given heart even in the same 
species. For the sake of brevity and relevance to clinical cardiology, all 
the subsequent discussion will emphasize the sinus node of the human 
heart and include other species only as they are essential to an under- 
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FIGURE 1. The normal adult human sinus nods Is illustrated at two magnifications (Indicated with reference bars). A, the epicardium and the mid portion 
of the sinus node (SN) are Identified, as is the right atrium (RA). B, ail the tissue Is sinus node. Stain here and In subsequent figures Is Goldner trichrome 


_ unless otherwise noted. 


standing of human sinus rhythm (for example, the ex- 
perimental laboratory observations will be principally - 


from the canine heart). - 


Blood supply to the human sinus node: This comes. 


from a single stout atrial artery (the largest one in the 
atrial circulation) which originates from the proximal 
centimeter or two of the right coronary artery in about 
55 percent of hearts, and from the proximal millimeter 
or two of the left circumflex branch in about 45 percent.® 


In rare instances the sinus node artery may originate ` 


more distally, or from the aorta directly, or from the 
main left coronary artery, or there may be a dual arterial 


supply to the sinus node, but all these variations cu- 
mulatively comprise no more than a few percent of 
normal human hearts. However, even though there is 
nearly always a single sinus node artery, it regularly 
anastomoses with other major atrial branches so that 
it becomes an important conduit for any transatrial 
coronary collateral circulation.” The transatrial anas- 
tomotic circulation can function as a bridge between the 
two major coronary trunks lying in the atrioventricular 
sulci, that is, the right coronary artery and the left cir- 
cumflex branch. Venous drainage from the sinus node 
is by short thebesian channels directly into the right 
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FIGURE 2. Sinus node in the human fetal heart. The sinus node contalns very little collagen. Virtually all the tlssue surrounding the central artery 
is sinus node. B, a mid portlon of fetal sinus node. Most of the cells are P cells (see text). 


atrium. The short anatomic distance spanned by the 
entire arterial and venous circulation of the sinus node, 
and the considerable pressure gradient, may be con- 
tributing factors to the frequency with which the sinus 
node artery is found tobe a component of abnormal 
fistulas.” 

Histologic anatomy of the sinus node: This is so 
distinctive that one can quickly learn to recognize it. 
The human sinus node is constructed in a dense colla- 
gen frame, which is normal and should not be misin- 
terpreted as pathologic fibrosis although the sinus node 
can become scarred. It is the extensive normal collagen 
framework of the sinus node that gives it a conspicuous 
staining characteristic, particularly with most trichrome 


methods (Fig. 1). There is.both ontogenetic and phy- 
logenetic variation in the collagen content of the sinus 
node. In man there is very little collagen within the sinus 
node of the fetus or newborn heart (Fig. 2), but with 
increasing age the collagen frame becomes increasingly 
dense up to about early adulthood. The speed of this 
change and its ultimate normal extent vary from one 
heart to another. Although the canine sinus node closely 
resembles that of man in nearly all respects, both the 
rabbit and cow have less collagen in their sinus 
nodes. 

Another distinguishing histologic feature of the 
human sinus node is the characteristic presence of a 
centrally located artery. In fact, the entire node appears 
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Atrii Dextri 





FIGURE 4. Drawing showing the normal endocardial recesses of the 
antrum atrii dextri between the free wall of the right atrium (RA) and body 
of crista terminalis (CT), which has been cut across. SN = sinus node; 
SVC = superior vena cava. 


PERICARDITI 
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FIGURE 3. Sinus node of patient who 
died of acute myocardial infarction. 
inflammations of the epicardium always 
Involve the contiguous surface of the 
sinus node (SN); AAD Is antrum atril 
dextri. B, section 2 mm from A. A small 
nerve is marked N. 


to be organized about its central artery, a feature that 


prompted Séderstrém® aptly to describe the node as 


‘resembling an enormous adventitia of its artery. Be- 


cause this artery is subject to thrombotic or dysplastic 
proliferative occulsion and to many arteritic processes, 
many diseases of the sinus node originate within its 
artery, as will be discussed later. Similar consideration 
will be made concerning the normal and abnormal 
consistency and extent of collagen within the human 
sinus node. : 

Two other anatomic features of the human sinus 
node merit discussion and both deal with the nodal 
margins. The sinus node is normally so near the epi- 
cardium that any disease causing pericarditis involves 


, 968 December 1977 The American Journal of CARDIOLOGY Volume 40 





FIGURE 5. Old mural thrombi In the antrum 
atrii dextri (AAD). Both sections are from the 
heart of a patient who died of rheumatoid heart 
disease with degeneration within the sinus 
node. 


at least the epicardial margin of the sinus node (Fig. 3). 
At its opposite surface the sinus node usually does not 
lie close to the endocardium except at one crucial loca- 
tion, the antrum atrii dextri (Fig. 4). This latter prox- 
imity explains why virtually any degenerative disease 
of the sinus node or its immediate environ quickly leads 
to the formation of mural thrombosis within the antrum 
atrii dextri.8 Because such mural thrombi (Fig. 5) can 
recur for long periods of time, their potential impor- 
tance in microembolization into the lungs may be 
greater than is generally appreciated, particularly in the 
pathogenesis of intimal proliferative occlusion of small 
pulmonary arteries.9 

Nodal myocardial cells: Within the collagen frame 
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surrounding a central artery the human sinus node 
contains two kinds of nodal cells, plus a mixture of other 
myocardial cells at its margins. One of these nodal 
myocardial cells is small and round or ovoid, has an 
empty-appearing cytoplasm with what appears to be a 
disproportionately large central nucleus, contains only 
sparse myofibrils and small mitochondria, both of which 
are randomly oriented and distributed, and has very 
simple intercellular junctions; this has been named a P 
cell (Fig. 6 to 9), and it is probably the site of origin of 
the sinus impulse.!°-1! The second nodal myocardial cell 
is slender and elongated but much smaller than ordinary 
myocardial cells. It contains more myofibrils, which 
tend to be longitudinally arrayed and to contain more 
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FIGURE 6. Transmembrane action potentials recorded with Intracellular microelectrodes placed In the-sinus node and adjacent atrium of a canine 
heart. Spontaneously firing cells were-predominantly In the region marked A, which corresponds to the photomicrograph illustrated In Figure 7B. 
Reproduced from Woods et al.11 with permission of the American Heart Association. 


mitochondria sandwiched between them, and it forms. 
the slender interweaving fibers identifiable with the 
light microscope as the major component of the sinus 
node; these have been named transitional cells (Fig. 8 
and 9) and their principal function is probably distri- 
bution of the sinus impulse out of the node. In the in+ 
terstitium between the P cells and transitional cells 
there are numerous fibroblasts and nerves and capil- 
laries plus small arterial or venous branches. 

P cells: These lie principally within the central por- 
tion of the sinus node. They group into grape-like 
clusters that are covered by a single basement mem- 
brane, and there are many such clusters in any normal 
human sinus node. At their junctions with each other, 
P cells exhibit very little membrane specialization such 
as desmosome formations or fasciae adherentes and 
almost no gap junctions (nexuses). The rare gap junc- 
tions are conspicuously small when present. The only. 
other cells with which P cells form junctions are the 
transitional cells; they do not connect with other atrial 
myocytes. Junctions between transitional cells and P 
cells contain a larger number of membrane specializa- 
tions although they are not usually fully formed inter- 
calated discs. This explains why intercalated discs are 
seldom seen in light microscopic examination of the 
sinus node. Because with the light microscope most 


junctions of P cells cannot be seen, groups of P cells have 
the appearance of a multinucleated syncytium of cy- 
toplasm.!°-!2 However, with the electron microscope the 


‘distinct cellular margins are readily visible (Fig. 9). 


There is not much sarcoplasmic reticulum in P cells but 
transitional cells contain increasing numbers of profiles 
of such tubules commensurate with their increasing 
content of myofibrils. 

It was on the basis of their central location and cluster 
organization with remarkably simple intercellular 
junctions and related anatomic features that I suggested 
that the P cells are where sinus. rhythm originates.!* 
Indirect correlative studies. utilizing microelectrode 
impalement and either electron microscopic!® or light 
microscopic!! examination of cells in that vicinity 
support this hypothesis. All essential features of P cells. 
necessary for their anatomic localization are apparent 
with the light microscope, particularly after one be- 
comes familiar with their ultrastructural appearance 
and organization. However, until it becomes possible 
to record the transmembrane electrical potential of a 
single cell and then conduct electron microscopic ex- 
amination of the same cell, conclusions as to the exact 
function of any given cardiac cell will continue to be . 
based on indirect evidence just as at present. Despite 
efforts by several groups of investigators for a number 
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FIGURE 7. Three photomicrographs representing sections from the anterior (A), middie (B) and posterior (C) portions of a canine sinus node, de- 
marcated with black arrows. Magnifications are the same In all three. Reproduced from Woods et al.1! with permission of the American Heart As- 


sociation. 


of years, this formidable task of making such a struc- 
ture-function correlation has remained an elusive 
goal. 

Transitional cells: Somewhat the same uncertainty 
about exact function can be applied to the slender 
transitional cells. A best guess at present would be that 
they act as routes for distribution for the sinus impulse 


that originates in the P cells. As such, the transitional 
cells probably are the anatomic counterpart to perinodal 
fibers described in some physiologic studies. However, 
their histologic location is not exclusively at the ana- 
tomic margins of the sinus node because they are also 
visible in varying numbers throughout it. This matter 
could become semantically difficult if one restricted the 
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FIGURE 8. Cellular details from the mid portion of the canine sinus node shown In Figure 7 and from which the action potentlals In Figure 6 were 
recorded. WIth the light microscope the intracellular contents of P cells are pale and the cell margins are Indistinct. Transitional cells (T) contain 
more myofibrils and staln darker. Same magnification in A and B. Reproduced from Woods et al.1? with permission of the American Heart Associ- 


ation. 


term of sinus node only to the impulse-originating cells. 
I believe that the best present definition should include 
not only those cells (P cells) but also all the initial dis- 
tributor cells (transitional cells) that are found within 
the periarterial collagen frame and may be crucially 
important in making effective the initial integration and 
delivery of the electrical impulse. 


Pathologic Anatomy of the Sinus Node 


Diseases that can affect the sinus node may be 
considered in four categories: (1) Those which in- 
volve the cells of the sinus node (P cells and transitional 
cells), of which amyloid infiltration or fatty replacement 


are two examples. (2) Those that cause degeneration 
(lupus erythematosus) or excessive proliferation (scle- 
roderma) of the collagen framework of the node. (3) 
Those that involve the sinus node artery, and there is 
a large variety of these arterial diseases. (4) Other dis- 
eases, such as pericarditis,!3 tumor infiltration,!4 sur- 
gical trauma!® or congenital anomalies.!® These are 
restrictively arbitrary separations, however, because 
many diseases become manifest in more than one of 
these categories; for example, both amyloidosis (Fig. 10) 
and scleroderma (Fig. 11) may involve the sinus node 
artery as well as either the myocardial cells of the sinus 
node or its collagen. In disseminated lupus erythema- 
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FIGURE 9. Electron micrograph of canine sinus node. The simple cellular boundaries of one P cell are Indicated with five open arrows. Virtually 
the. entire perimeter consists of Intercellular junctions known as undifferentiated regions. More myofibrils are present in an adjacent transitional 


cell (Tr): Cap = capillary. 
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tosus there is extensive inflammation around the sinus 
node artery in some cases and cystic degeneration of the 
sinus node collagen in others (Fig. 12). There is little of 
instructive value in additional discussion concerning the 
readily identifiable lesions produced by such diseases, 
or by surgical trauma and the like, once one is made 
aware of the fact that the sinus node can be afflicted in 
those ways. However, there are a number of instructive 
aspects to the pathologic changes which may affect the 
sinus node artery. 

Function of sinus node artery and results of its 
occlusion: To appreciate the functional consequences 
caused by anatomic abnormalities of the sinus node 
artery it is necessary to consider briefly some of its 
several special roles. An immediately apparent purpose 
is the provision of nutrient circulation to the sinus node, 
but the disproportionately large caliber of the sinus 





node artery while centrally located within the node 
suggests that there may be some other purpose for this 
histologic feature. In a recent review% evidence was 
presented to support the possibility that the sinus node 
artery contributed to a servomechanism that functioned 
to stabilize the pacemaker activity of the sinus node. 
Because the sinus node artery is the largest normal atrial 
artery and distributes to much of the free walls of the 
right and left atria, it provides a major portion of the 
nutrient circulation for all the atrial myocardium. Be- 
cause of its anastomosis with other atrial arteries, it was 
previously indicated how the sinus node artery becomes 
important in the transatrial coronary collateral circu- 
lation. Because of its continuation with very short veins 
in the sinus node, it is often a component of arterio- 
atrial fistulas. Because some of its connections are with 
extracardiac arteries near the atria or up the superior 
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vena cava, the sinus node artery probably also functions 
as an important conduit for extracardiac arterial anas- 
tomosis with the coronary circulation. 

Having in mind this overview of the functional values 
of the sinus node artery, the consequences of its occlu- 
sion are of three types. There would be impaired direct 
nutrient perfusion of the sinus node and a large amount 
of other atrial myocardium, there would be loss of any 
postulated servomechanism function, and there would 
be the interruption of important routes of interarterial 
coronary anastomoses. Depending on the number and 
location of occluding lesions in the sinus node artery, 
there could be not only impairment of collateral circu- 
lation across the atria for the rest of the heart, but also 
of effective collateral circulation back to the sinus node 
itself. 













iy 


FIGURE 10. Photomlcrographs of two different 
portions of the sinus node from a patlent who died 
‘with cardiac amyloidosis. 17 A, the wall of the sinus 
node artery (SNA) is Inflltrated with amyloid and 
most of the node Is degenerated. B, nearly every 
cell of the sinus node Is replaced by a ringlet of 
amyloid. The stain in B ls Congo red. 


Pathologic changes involving sinus node artery: 
To illustrate the nature of pathologic changes that may 
affect the sinus node artery, I will utilize histologic de- 
scriptions and indicate with which diseases they have 
been found associated. There will be no attempt to offer 
a comprehensive cataloging of all diseases that may 
produce any given histologic lesion, but rather to pro- 
vide some illustrative examples. One of these lesions is 
focal fibromuscular dysplasia, and because it occurs in 
such a wide variety of diseases it will be the subject of 
separate discussion. Intimal proliferation can be suf- 
ficiently extensive to occlude the lumen of the sinus 
node artery and has been observed in scleroderma heart 
disease!® and in congenital homocystinuria.2! Primary 
medial necrosis or noninflammatory medial degener- 
ation of the sinus node artery (Fig. 13 and 14) occurs in 
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FIGURE 11. Scleroderma heart disease. A, the 

sinus node contains dense scirrhous fibrosis. B, 

the sinus node artery (SNA) is narrowed by intimal: 

hyperplasia. Verhoeff-van Gleson elastic stain in 
`B. 


the cardiomyopathy associated with Friedreich’s at- 
axia?? and primary pulmonary hypertension?; it is a 
transient abnormality that is later followed by focal 
mural fibrosis and by a variety of secondary reparative 
processes that may include intimal proliferation, fi- 
bromuscular dysplasia and even small aneurysm for- 
mation. For all these lesions one must visualize their 
focal nature and the fact that intervening segments of 
the sinus node artery may appear entirely normal or 
may be the site of a histologically different lesion. 
Necrosis of the tunica media of the sinus node artery 
may be granular or gelatinous or nondescript in nature, 
or it may be fibrinoid, either with or without associated 
arteritis. Fibrinoid necrosis of the sinus node artery has 
been observed in scleroderma heart disease,!® polyar- 


teritis nodosa? and in Whipple’s lipodystrophy.?4 — 
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Medial dissection is a rare occurrence in the sinus node 
artery or in any small coronary branch, but its histologic 
appearance closely resembles that seen in the aorta or 
in large coronary branches (Fig. 15). Schiff-positive and 
Schiff-negative mural deposits have been observed 
within the wall of the sinus node artery, particularly in 
the subendothelium,?? but the biochemical nature of 
this material has not yet been identified. Inflammation 
of all components of the sinus node artery may occur in 


` polyarteritis nodosa,”? disseminated lupus erythema- 


tosus,!9/diphtheritic myocarditis? and Whipple’s dis- | 
ease.”4 Coronary arteritis occurring in Whipple’s disease 
is proWably a late manifestation of an earlier widespread 
infilttation of the tunica media and endothelium with 
Schiff-positive Whipple’s bacilli (Fig. 16). 

Embolic occlusion of the sinus node artery occurs 
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during the showers of particles from valve endocarditis, 
which may be calcific or septic or thrombotic in nature. 
Widespread occlusive lesions occur in the sinus node 
artery during disseminated intravascular coagulation” 
or thrombotic thrombocytopenic purpura (Fig. 17).27 
Whether these are more properly considered primarily 
thrombotic or embolic may be debated. There is in- 
creasing evidence that platelet aggregates may be 
widespread in the coronary circulation and could be 
responsible for sudden death.?829 While platelet 


aggregation may be part of a familiar pathologic process, 


such as disseminated intravascular coagulation or 
thrombotic thrombocytopenic purpura, such aggregates 
are also conspicuously widespread in congenital ho- 
mocystinuria”! and in patients dying with pheochro- 


mocytoma.* In all these diseases the sinus node artery ` 


is neither spared nor involved more often than similar 
other small coronary branches. 
Focal fibromuscular dysplasia of the sinus node ar- 





FIGURE 12. Sinus nodes from two different cases 
of disseminated lupus erythematosus.’ A, there 
ts inflammation surrounding the sinus node (SN) 
and extending Into the crista terminalis (CT) as 
_ Indicated with the three open arrows. B, there Is 
cystic degeneration of the normal collagen 
framework of the sinus node. SNA = sinus node 


artery. 


tery has been observed in such a wide variety of dis- 
eases?! that it can hardly be attributed to any single 
cause. It has also been observed in the sinus node artery 
of victims of sudden unexpected death in whom no 
other disease was identified.3132 Histologically, focal 
fibromuscular dysplasia appears the same in the sinus 
node artery as in other vessels where it has been de- 
scribed, particularly the large and small renal arte- 
ries.3334 It consists of a disorderly hyperplastic process 
containing randomly oriented smooth muscle cells in- 
termingled with fibroblasts and collagen, the net result 
of which is marked thickening of the wall of the sinus 
node artery at the expense of the lumen, which may 
become tiny or slit-like in cross-sectional appearance - 
(Fig. 18). Considering that focal fibromuscular dysplasia 
occurs in the sinus node artery during so many different - 
diseases and the fact that other forms of histologic ab- 
normality may be observed in other segments of the 


_same sinus node artery, it may be best to interpret this 











FIGURE 13. Two photomicrographs from adjacent 
sections in the sinus node (SN) of a patient who 
died with primary pulmonary hypertension, '® 
showing primary medial necrosis of the sinus node 
artery (illustrated at two different magnifications 
In A and B). B, areas with and without medial 
hemorrhage are Indicated with arrows. RA = right 
atrium. 


as but another form of reparative process that could 
follow any form of initiating stimulus or degeneration 
or injury of the tunica media. Functionally, the impor- 
tant points are that the wall of the sinus node artery 
must stiffen and that the lumen becomes significantly 
narrowed. 


Function of the Sinus Node 


Automaticity: The main function of the sinus node 
is to provide the electrical impulse responsible for 
normal cardiac rhythm. How this happens is not so 
clear. For example, the concepts that any myocardial 
cell is potentially capable of providing an effective 
rhythm for the heart or that sinus rhythm may originate 
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in any cell of the sinus node are both simplistic and al- 
most certainly untrue. Even from the foregoing dis- 
cussion of its anatomy, it is apparent that the human 
sinus node is a complex multicellular physiologic unit 
that must be profoundly influenced by its richly abun- 
dant autonomic nerves. Since there are no Purkinje cells 
within the sinus node,!°-!2 one may question whether 
physiologic experimental observations on strands of 
Purkinje cells that have been rendered abnormally 
automatic in nature have much genuine relevance to 
how the normal sinus node behaves as a pacemaking 
unit. There should be even greater skepticism con- 
cerning the comparative physiologic relevance of dis- 
aggregated or cultured beating myocardial cells. Auto- 
maticity or periodic electrical discharge is the property 
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of so many biologic processes and such a diversity of 
tissues (for example, ureter, intestine, pregnant uterus) 
that there is a temptation to extrapolate too directly 
from such systems to an understanding of the sinus 
node. Although there are undoubted important bio- 
chemical similarities underlying many of these phe- 
nomena, one of the distinguishing features of the au- 
tomaticity of the sinus node is the simultaneous pres- 
ence of maximal long-range stability of automatic be- 
havior coupled with an unusual degree of flexibility or 
responsiveness to the immediate needs of the heart and 


. of the entire body. 


Conduction: Several physiologic features of the sinus 


node can be partially explained on the basis of its - 


anatomy. For example, conduction (not automaticity, 
which is a different physiologic specialization) is slower 


FIGURE 14. Photomicrographs from the same 
heart as In Figure 13, demonstrating that the de- 
generation js entirely within the tunica media 
(Verhoeff-van Gieson elastic stain). A is from the 
section boxed in B. 


in the sinus node than in any other part of the heart 
except the atrioventricular (A-V) node. There may be 
special advantages for a structure with the main func- 
tion of impulse formation to be unable to conduct rap- 
idly because it would then be more protected from easy 
interference by extraneous electrical signals. Among the 
cells of the sinus node, the P cells have conspicuously 
simple intercellular connections that are virtually de- 
void of gap junctions. Because it is probable that the gap 
junction is the site of low electrical‘resistance in the. 
intercalated disc and other intercellular myocardial 
junctions,36:37 P cells may be expected to conduct very 
slowly. Conversely, at the margins of P cell clusters 


. where they connect with transitional cells, the junctions 


become more similar to intercalated discs in their fine 
structural organization and contain increasing numbers 
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FIGURE 15. Hemorrhagic dissection of the tunica 
media of the sinus node artery from the heart of 
& woman who died with cirrhosis of the liver and 
no recognized cardiac problems. The area boxed 
in A Is shown in B at higher magnification. Ver- 
hoeff-van Gleson elastic stain. 


and sizes of gap junctions; an electrical impulse would 
thus be facilitated in its escape from the P cell aggre- 
gates but impeded in its entry into groups of P cells (Fig. 
19). 

Synchronization of P cell clusters: Given that 
clusters of P cells may be the site of origin of the normal 
sinus impulse, how are the myriad of separate clusters 
synchronized into such a consistent and stable process 
as that which is characteristic of normal sinus rhythm? 
It is possible that one P cell cluster has a faster or 
dominating rate to which all others become subservient, 
but there are two reasons to doubt this explanation. 
First, conduction between, P cells is probably too slow 
to permit sufficiently rapid “entrainment” between all 


of them. Second, the rate of firing of different clusters. 
may be random but is probably not very different from — 
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one group to another. There may actually be no syn- 
chronization among many different P cell clusters, all 
firing at different rates with the heart responding only 
to the first signal conducted out to it. Although this is 
theoretically possible, it suggests a natural chaos that 
is both philosophically improbable and teleologically 
abhorrent. It may thus be admitted that the almost 
certain precision in synchronization within the sinus 
node has not been explained, but there are good reasons 
to suspect that the pulse in the sinus node artery can 
function as a stabilizing servomechanism and as a means 
for synchronizing the generation of the sinus impulse. 

Pulse in the sinus node artery and impulse for- 
mation by the sinus node: These may be related in the 
following way. Whatever the actual physical magnitude 
of the pulse may be, there is certainly some phasic 
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change in both the caliber of and the rate of blood flow 
within the sinus node artery coincident with each sys- 
tolic ejection of blood into the coronary circulation. It 
may be especially relevant that the sinus node artery in 
nearly all mammalian hearts is normally located so near 
the root of the aorta. Whether the physical event within 
the sinus node artery is primarily one of radial disten- 
sion that is mechanically transmitted to its completely 
surrounding sinus node, or whether there is some more 
subtle physical process associated with a surge of flow 
within the lumen of the artery (perhaps altering ionic 
composition of the wall of the artery and its anatomic 
environs), this phasic physical change is of necessity 
interposed between each of two successive sinus im- 
pulses, and this consistent normal interposition within 









FIGURE 16. The sinus node In Whipple's dis- 
ease.*4 A, the sinus node (SN) is covered by dense 
~ adhesive pericarditis. B, Inflammation Involving 
' some of Its arterial branches was associated with 
presence of bacilliform bodies In the tunica media 
(C). Area boxed in B Is that shown In C. Ver- 
hoeff-van Gieson stain In A and periodic acid- 
-- ` Schiff stain in B and ©. 


the cardiac cycle recurs at exactly the same time. In 
addition to experimental observations in which delivery 
of an artifical pulse into the sinus node artery altered 
the rate of sinus impulse formation,38 numerous other 
less direct lines of evidence such as anatomic changes 
in the wall of the sinus node artery or of the collagen in 
the sinus node have been associated with instability of 
sinus rhythm.° 

For many years physicists and physiologists have 
likened the heartbeat to a system of coupled relaxation 
oscillators.°9 One direction for this coupling is simple 
to understand: the sinus impulse is conducted to the rest 
of the heart. But the other limb of a hypothetical pair 
of coupled relaxation oscillators is the mystery. It can 
hardly be a form of retrograde conduction associated 
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FIGURE 17. Sinus node from the heart of patient 
dying with thrombotic thrombocytopenic purpura. 
A, focal hemorrhagic degeneration within and 
around the sinus node. B, two small occluded 
vessals from the same sinus node are marked with 
arrows. 


with normal sinus rhythm because there is no evidence 
that such occurs. Although it remains theoretically 
possible that some event outside the sinus node phasi- 
cally influences it in an electrophysiologic mode (for 
example, tonic discharge from extracardiac mechano- 
receptors may provide a neural event for this purpose),*° 
it is not necessary that the second limb of the coupling 
be an electric one. In fact there may be some advantage 
in having the anterograde limb he electrical (conduction 
from sinus node to the rest of the heart) while the ret- 
rograde limb is mechanical (pulse in the sinus node ar- 
tery). Although this pulse and impulse relation has 
many attractive features and some body of evidence to 
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support its existence, it remains at present mainly a 
hypothesis of considerable heuristic value. 

Direct and indirect chronotropic responses of the 
sinus node: Many other functions of the sinus node can 
be examined with special precision by selective exper- 
imental perfusion through the sinus node artery of the 
canine heart.*! Because of the selectivity of such per- 
fusions, one can determine the direct and indirect 
chronotropic responses of the sinus node to an almost 
endless variety of test agents and pharmacologic sub- 
stances. Because the autonomic innervation remains 
intact in this experimental preparation, it is further- 
more an excellent means of investigating both adren- 
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ergic4? and cholinergic*® neural control of the sinus 
node. Although it is beyond the scope of this presenta- 
tion to offer a review of published experimental obser- 
vations based on selective perfusion of the sinus node 
in situ and in vivo, two recent investigations serve to 
clarify how the sinus node works intrinsically as well as 
in relation to other automatic centers in the heart-One 
investigation“ dealt with selective chelation of calcium 


ion within the sinus node; the others*®46 have consid- - 


ered the interplay between stable sinus rhythm and two 
other automatic rhythms found to originate within the 
A-V junction. 







FIGURE 18. Focal fibromuscular dysplasia of 





hae Px r 
gripe ZAA? Soa d the sinus node artery from the heart of a young 
ef ORAE) , athlete who died suddenly and unexpectedly. . 
Mi EIET. A and B are from adjacent sections. Ver- 
Cece E mls hoeff-van Gieson stain in B. f 


Experimental chelation of calcium in sinus node: 
Studies by Muir,*? subsequently confirmed by oth- 
ers,°5:87 have demonstrated that all components .of 
myocardial intercellular junctions are calcium ion- 
dependent except for the gap junction. After the che- 
lation of calcium ion with ethylenediaminetetraacetic 
acid (EDTA), conduction between myocardial cells can 
remain normal even though the only remaining inter- 
cellular connections still anatomically intact are the gap 
junctions.*© Applying these considerations to the known 


‘fine structural anatomy of the sinus node,!° where the 


cells probably responsible for the generation of sinus 











FIGURE 19. Diagrams Illustrating the components of the 
intercellular junctions of P cells and transitional cells 
within the sinus node, and what happens to them when 
calcium is chelated with disodium EDTA. Gap functions 
(GJ} remain intact because they are not caicium-depen- 
dent for their Integrity, but the desmosomes (D) and un- 
differentiated regions (UR) come apart. BM = basement 
membrane; MF = myofibril; N = nucleus; PM = plasma 
membrane. Reference 44 presents additional physiologic 
and anatomic considerations concerning the calclum- 
dependent portions of Intercellular junctions in the sinus 
node. Reproduced from James“ with permission of 
Academic Press. 
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FIGURE 20. A chaotically rapid Irregular atrial rhythm produced by selective chelation of calclum jon within the canine sinus node.* Disodium EDTA 
was perfused briefly through the sinus node artery 126 seconds before this segment of recording. Electrograms from the right atrium (RA) near 
the sinus node, region of the His bundle (HBE), and mid portion of right ventricle (RV) are shown with a surface lead (aVR). Reproduced from James** 


with permission of Academic Press. 
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FIGURE 21. A consistent mathematical-relation exists between the rate of normal sinus rhythm, that of escape A-V junctional rhythm (AVJR) when 
the sinus node of the same heart Is selectively suppressed (AVJ-1) and that of the escape A-V Junctional rhythm after maximal cholinergic suppression 
of the A-V Junctlon with neostigmine (AVJ-2). See text for brief discussion and previous publications for detailg, 45-48 Roproduesd from Urthaler 


__ etal.*® with permission of the British Medical Association. 


‘rhythm have very few gap junctions, one might predict 
three consequences from the selective chelation of cal- 


'. cium ion by perfusion of disodium EDTA through the 


sinus node artery: (1) A decrease in extracellular calcium 
concentration has a positive chronotropic effect®® go 
that the rate of impulse formation in the sinus node 
-should increase. (2) Multiple groups of P cells would be 
differently influenced by the reduced concentration of 
calcium in their environs so that the accelerated rate 
would become multifocal and irregular, (3) Most com- 
ponents of the junctions between P cells are calcium- 
dependent and thus may separate (either anatomically 


or functionally) in the absence or marked diminution ` 


of local calcium; this would impair effective communi- 
cation between P cells and ultimately make the sinus 
node ineffective as a pacemaker. Each of these three 
effects does.occur when disodium EDTA is selectively 
perfused through the canine sinus node intact and in 
situ (Fig.-20). The same effects occur in the presence or 
absence of dual autonomic blockade and therefore are 
.not dependent on local autonomic neural influence. 
-Because calcium EDTA has no effect even though it 
should chelate most other divalent cations, it is pre- 
sumably the chelation of calcium ion by disodium 
- EDTA that is responsible for these effects. Other details 
_ of the relevant experiments are published.*° The results 





support the concept of the P cells (with their simple 
intercellular junctions) being the site of normal sinus 
impulse formation. 

Mathematical relation of sinus and A-V nodal 
rhythms: (New “laws of the heart”): Normal sinus 
rhythm dominates the heart both because it is usually 
the fastest and because its orderly distribution by 
conduction is the most efficient. When the sinus node 
fails to act as the pacemaker, an escape rhythm usually 
emerges but this is far from the random or fortuitous 


. process sometimes assumed. With the use of selective 


perfusion of the canine sinus node as described earlier, 
combined with an analogous method for selective per- 


. fusion of the A-V node and His bundle,#® we have found 


three different normal automatic rhythms that bear a 
predictable mathematical relation to each other (Fig. 
21). As an important-corollary, we have not observed’ 
any other automatic rhythm except these three under - 
normal circumstances in the anesthetized dog. The first 
of these is normal sinus rhythm. The second is an escape 
A-V junctional rhythm that regularly emerges when the 
sinus node is selectively suppressed pharmacologically 
(for example, with physostigmine or neostigmine), and 


_this is called AVJ-1.47 The third automatic rhythm is 


also of A-V junctional origin and regularly emerges 


when the A-V node and His bundle are selectively per- 
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FIGURE 22. The normal mathematical hierarchy of sinus rhythm and the two normal forms of escape A-V Junctlonal rhythm does not apply in the 
absence of adrenergic neural control. When the sinus node was selectively suppressed In dogs pretreated with reserpine, the A-V junctional escape 
rhythm became closer to the line for expected AVJ-2 rhythm instead of that for AVJ-1 rhythm. Detalls of these experiments have been published .5° 


Reproduced from Urthaler et al.5° with permission of Willlams &-Wilkins. 


fused with substances that paralyze local cholinesterase 
activity, and this is called AVJ-2.46 During the latter 
type of experiment, progressive A-V block becomes 
complete while sinus rhythm remains unchanged and 
the A-V junctional rhythm gradually becomes estab- 
lished totally independent of the sinus rhythm. 

These three rhythms bear the following mathe- 
matical relation to each other: AVJ-2 is two ninths 
of the rate of normal sinus rhythm (NSR), whereas 
AVJ-1 is two thirds of sinus rate; AVJ-2 is therefore one 
third the rate of AVJ-1. Expressed as numerical ratios, 
the hierarchy of normal automatic rhythms is as follows: 
AVJ-2:AVJ-1:NSR = 2:6:9. AVJ-2 is about 22 percent 
of sinus rate and AVJ-1 is about 66 percent. The con- 
sistency of these values (Fig. 21) may permit their use 
as new “laws of the heart,” at least for experiments in 
the dog. Preliminary observations suggest that the same 
principles will apply to the human heart,* but further 
study of this possibility is necessary. 

For such studies it is essential to realize that the 
mathematical predictability depends on normal stable 
rhythms from any of the three origins. For details of how 
the two A-V junctional rhythms differ in addition to 
rate, as well as how they resemble each other, are pro- 
vided in the published full descriptions of these exper- 
iments.4748 If the sinus node or either of the two A-V 





junctional rhythms is abnormally influenced by local 
disease or pharmacologic treatment or any other process 
or event that would alter it, then the mathematical hi- 
erarchy also changes (Fig. 22). For example, in the ab- 
sence of normal adrenergic neural control, canine sinus 
rate slows some but the rate of AVJ-1 slows propor- 
tionately much more.®° A logical corollary of this ob- 
servation is that AVJ-1 is more dependent on adrenergic 
neural tone than is sinus rhythm, and at least experi- 
mentally this was equally true for rate, stability of 
maintained rhythm and time to emergence (escape 
time) of AVJ-1. Whatever the ultimate applicability 
may become for these proposed new laws of the heart, 

they offer some exciting prospects in augmenting our 
understanding of normal sinus rhythm. 


Epilogue 


Engelmann, Hering, Thomas Lewis, Eyster and Meek 
and many of our predecessors in cardiology had a keen 
desire to know more about the structure that seemed the 
first to move and the last to die in the heart. But it was 
Bruno Kisch, president of the American College of 
Cardiology exactly a quarter of a century ago, who put 
it even more poetically by emphasizing how the beat of 
the heart and the existence of life itself are in many ways 
synonymous: “The sinus node is the essence of life.” 
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It is usually assumed that Willem Einthoven started out as a young in- 
vestigator to invent the electrocardiograph and that he succeeded. On 
the contrary, his career had several false starts. True, fortune smiled on 
him. But his diligence and clinical interest plus the scientific freedom of 
his age led to his remarkable discovery. 


On the 50th anniversary of Willem Einthoven’s death, it is pertinent to 
ask what cardiology would be like if he had not invented the string gal- 
vanometer to supersede the capillary electrometer. Cardiology without 
the electrocardiograph seems unimaginable. Nevertheless, the string 
galvanometer came about very unpredictably. 

Was there a fortuitous element in Willem Einthoven’s invention? A 
study of Einthoven’s life makes it almost unbelievable that he would have 
had any interest in the heart or bioelectric phenomena. Had he become 
an orthopedist or an ophthalmologist or had he specialized in respiratory 
diseases, no astonishment would be elicited. 

Einthoven’s father, a military health officer stationed in the Dutch 
East Indies, died in 1866 when Willem was only 6 years old. This forced 
the family to return to Holland, where even more financial difficulties 
beset them. When Willem entered the University of Utrecht to study 
medicine, he was obliged to accept a government loan to pay his tuition. 
This obligated him upon graduation to practice in the Dutch East In- 
dies.} 

During his schooling, Einthoven was intensely interested in sports. 
His enthusiasm motivated him to establish a students’ rowing club and 
a fencing society. When his gymnastic exploits cost him a Colles fracture, 
his interest focused on orthopedics. His first scientific article, written 
while he was a medical student, described the complex mechanics of the 
elbow joint.! (His professor of anatomy, Koster, was then engrossed in 
the biomechanics of joints.) 

Two of Einthoven’s eminent teachers at Utrecht were Donders and 
Snellen, the giants of optics and ophthalmology. (We still use Snellen’s 
chart to determine visual acuity.) Ophthalmology appealed to Einthoven 
because it was the most scientifically oriented medical specialty at the 
time. So great were these influences that Einthoven wrote his doctoral 
thesis on “The Influence of Color Differences in the Production of Ste- 
reoscopic Effects.” In essence, it dealt with the common phenomenon 
that red figures on a projected lantern slide or wallpaper seem to jut 
forward from the background. Einthoven was definitely preparing to 
repay his indebtedness by service in the East Indies as an ophthalmol- 
ogist.! 5 

Just after he had been graduated at age 25, the professorial chair in 
physiology at Leiden became vacant. Donders, the leading physiologist 
in the Netherlands, was, of course, consulted. He put all his considerable 
influence behind his protégé and succeeded in getting Einthoven ap- 
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pointed as professor of physiology at Leiden, where he 
remained all the years of his teaching life and where he 


~ later became rector. Remaining in the same chair was 


unusual at that time: Most eminent professors were 
called to other universities in the game of climbing the 
academic ladder. Wenckebach, for example, was pro- 
fessor of medicine at Groningen, then at Strassburg 
before he finally reached the top rung at Vienna. Hence, 
we might assume that the Kinthoven we cardiologists 
are so indebted to was not considered particularly out- 


~ standing in the academic circles of his time. 


For the first years of his professorship, Einthoven 


~ slowly repaid his government loan from his meager 


salary. He applied himself diligently to respiratory 
physiology and published an 80 page monograph “On 
the Mechanism of the Bronchial Musculature, Studied 
by a New Method, and Concerning Bronchial Asthma.”” 
He postulated that bronchospasm led to anoxia, then 
to hypercapnia, which caused further bronchospasm, 
resulting in a vicious circle. 


Einthoven and the Electrocardiograph 


Five years before the publication of this monograph, 
Einthoven attended an International Congress of 
Physiology held in London.’ As was the fashion, new 
physiologic experiments were demonstrated to the 
visitors. Einthoven observed Augustus D. Waller use the 


capillary electrometer to record from anterior and 


posterior external thoracic leads applied to a man. The 
resulting recording was called the electrogram. Waller 
humorously emphasized his concept of the electrical 
field of the heart by taking one lead from a silver spoon 
held in the subject’s mouth. Waller‘ was the first to 
demonstrate that the bioelectric signal of the heart 
could be recorded from the surface of the body. This 
historic event, witnessed by Einthoven, took place at St. 
Mary’s Hospital in 1887. 
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Seven years later, obviously inspired by Waller’s 
demonstration, Einthoven began to experiment with the 
capillary electrometer. He improved the clumsy in- 
strument by making alterations in circuitry and resis* 
tance levels. In 1894, Einthoven® recorded the first 
human phonocardiogram. A year later, he coined the 
term electrocardiogram.® 

From the first, he was dissatisfied with the inertia of 
the mercury column of the capillary electrometer. 
Realizing that he was not gifted in mathematics, he 
asked Professor Kluyner, Leiden’s ablest mathemati- 
cian, to help him correct arithmetically for the inertia.! 
Einthoven’s dissatisfaction grew as he became con- 
vinced that the bioelectric signal of the diseased heart 
would be different from the normal. In 1900 he pub- 
lished a paper “On the Normal Human Electrocardio- 
gram and the Study of Certain Diseases of the Heart by 
the Capillary Electrometer.”! By 1901, he had con- 
structed a string galvanometer.! The instrument 
weighed 270 kg, occupied two rooms and required five 
people to operate it. He obtained his clinical material 
at considerable effort. Because his laboratory was 1.5 
km from the Academic Hospital, he laid 1.5 km of wire 
in order to obtain and study the electrocardiograms of 
patients with heart disease. 

When Einthoven was awarded the Nobel prize in 
1924, the citation read that the prize was for “the dis- 
covery of the mechanism of the electrocardiograph.” 
However, just as Waller was the inspiration for Ein- 
thoven’s early studies with the capillary electrometer, 
so Einthoven was motivated to invent the more sensitive 
string galvanometer in order to refine the recording of 
the abnormal bioelectric signal of the diseased heart. 

For this we are all forever indebted to Einthoven 
despite our inability to predict his genius and his di- 
rection from his beginnings. Undoubtedly, valuable 
research requires not only a dedicated mind, but also 
a free hand. 
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Swan-Ganz balloon flotation catheters can produce strong echoes in the 
right heart. These echoes have variable configurations and can mimic _ 
right heart structures; their reverberations can be confused with left heart 
structures. $i; 


Echocardiography has become an extremely valuable tool in diagnostic 
cardiology. The evaluation of tracings is difficult and requires specialized 
training in ultrasound and cardiology.! Errors in interpretation can be E 
related to the physical qualities of ultrasound, such as range precision, 
lateral resolution and reverberations.?® In addition, noncardiac struc- 
tures in the heart, such as prosthetic valves, may produce unusual- 
appearing echoes and confuse the echocardiographer.78 = 
Currently, patients severely ill from cardiac or noncardiac causes may | 
be monitored hemodynamically in a wide variety of circumstances for a 
diagnostic or therapeutic reasons. A device commonly used for this 
purpose is the Swan-Ganz balloon flotation catheter (Fig. 1),? which may _ 
be inserted without fluoroscopy at the bedside. Echocardiograms of _ 
patients with an indwelling balloon flotation catheter often reveal strong a 
echoes in the right ventricle and right ventricular outflow tract (Fig. 2) 4d 
that may lead to errors in diagnosis. !° A 


Material and Methods 


Patients in the cardiac intensive care unit with an indwelling balloon flotation 
(Swan-Ganz) catheter were studied echocardiographically. The equipment used 
was an Ekoline 20A echocardiograph with a 2.25 megahertz transducer (diameter _ 
1.5 cm, focus 7.5 cm) with a repetition rate of 1,000/sec. The recording was per- 
formed with a Polaroid® camera or an Irex seven channel photographic recorder. _ p 
The tip of the Swan-Ganz catheter was placed in the pulmonary artery (Fig. 1) 
and its position was verified by pressure monitoring and chest roentgeno- 
gram. P| 

Three methods were used to identify the catheter echoes: (1) removal of the 
catheter; (2) injection of green dye!! into the right ventricular cavity to outline 
its boundaries, and (3) injection of air into the catheter balloon while it wasin _ 
the right ventricle. s 


Results 


A strong echo in the right ventricle and its outflow tract disappeared s l 
when the tip of the catheter was removed from the right ventricular 
cavity (Fig. 3). Injection of green dye into the right ventricle delineated 
the cavity boundaries and revealed that the flotation catheter was not 
part of the wall (Fig. 4). Injection of air into the balloon created clouds 
of echoes behind the catheter echo that reverberated across the aortic 
root into the left atrium (Fig. 5). These findings confirm the identity of — 
the catheter echo. a 

The catheter echoes observed varied and could be confused with 
several cardiac structures. They can be classified into (1) those caused f 
by the presence of the catheter itself and resembling right ventricular 
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FIGURE 1 (upper left). Diagram demonstrating the path of the flotation 
catheter (FC). AO = aorta; PA = pulmonary artery; RA = right atrium; 
RV = right ventricle; SVC = superior vena cava; TV = tricuspid 
valve. 


FIGURE 2 (lower left). Intracardiac pressures and echocardiogram. 
The flotation catheter (arrows) is adjacent to the anterior aortic root. 
The tip of the catheter is in the pulmonary artery (PA). ECG = electro- 
cardiogram. 


FIGURE 3 (upper right). Intracardiac pressures and echogram. The 
flotation catheter is visualized anterior to the aortic root (arrows) in 
the first two beats when right ventricular (RV) pressure is recorded. In 
the third beat the catheter is pulled back to the right atrium (RA), and 
the catheter echo disappears. ECG = electrocardiogram; LA = left 
atrium. 
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FIGURE 4. The flotation catheter (FC, arrows) can be seen as an in- 
distinct undulating echo anterior to the aortic root (AO). Injection of dye 
just before the third beat produces echoes from the anterior right 
ventricular wall to the anterior aortic root. The flotation catheter can 
barely be seen in the middle of the dye echoes. CW = chest wall; ECG 
= electrocardiogram; LA = left atrium. 
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FIGURE 5. Intracardiac pressures and echocardio- , ' . ' . ' , : ' ' 
gram. The flotation catheter (FC, big arrows) is lo- LA 


cated in the right ventricular outflow tract. Injection | 
of air into the balloon (third beat) causes a cloud of 4 
echoes to appear (small arrows). These echoes ad 
appear only in systole, when the balloon crosses the š s R $ á i vas Pe | 
ultrasonic beam. AOR = aortic root; CW = chest wall: “aye Sor rages —= aA SS w E N a 
ECG = electrocardiogram; RVP = right ventricular De N rN Boe Oe ae da = oS 
pressure; RVW = right ventricular wall. ARR o i fe : 
| 
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FIGURE 6. a, the flotation catheter (FC, arrows) appears anterior to the aortic root (AO) and mimics the tricuspid valve. b, the flotation catheter (arrows) 
is visualized in the body of the right ventricle and mimics the right ventricular wall. CW = chest wall; ECG = electrocardiogram; IVS = interventricular 
septum; LA = left atrium; MV = mitral valve; PLV = posterior left ventricular wall. 





FIGURE 7. A, the catheter echo (FC, arrows) is visualized in the right ventricular outflow tract and simulates the pulmonary valve. AO = aortic root; 
CW = chest wall; LA = left atrium. B, the flotation catheter (arrows) is adjacent to the anterior aortic root (AO), simulating aortic root dilatation 
or dissection. The tip of the catheter is in the pulmonary artery. ECG = electrocardiogram; PAP = pulmonary artery pressure; RVW = right ventricular 
wall. 
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FIGURE 8. Simultaneous echocardiogram and pressure tracing of peripheral and pulmonary arteries. The flotation catheter echo (narrow arrow) 
simulates a mass in the right ventricle. Note the reverberation (thick arrows) of the flotation catheter in the left ventricular cavity. ECG = electro- 
cardiogram; IVS = interventricular septum; PA = pulmonary artery; PLV = posterior left ventricular wall. 
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FIGURE 9. Two examples of catheter echo reverberations causing confusion with left-sided structures. A, the small arrows demonstrate a reverberation 
of the flotation catheter (FC, big arrows) which simulates the left side of the interventricular septum. The configuration of the-catheter echo and 
the reverberation are similar. B, the true anterior mitral leaflet (MV) is demonstrated in the first two beats. The echo in the last two beats (smali 
arrows) is similar to the anterior mitral valve echo but is actually a reverberation from the flotation catheter (big arrows). Abbreviations as in Figure 
6. 
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structures, and (2) those caused by reverberation of the 
catheter during the cardiac cycle and resembling left 
ventricular structures. 


Right heart structures mimicked by the catheter 
echoes: The following list includes examples of the possible 
confusion these echoes may cause: 

a. Anterior tricuspid leaflet (Fig. 6a): The catheter motion 
is atypical of a normal tricuspid valve, and occasionally the 
“E-F slope” may appear reduced. 

b. Right ventricular wall (Fig. 6b): When the echo simu- 
lates the right ventricular wall, the clear space in front of the 
echo will suggest the possibility of an anterior pericardial 
effusion. The space from the echo to the septum will be 


smaller than the true right ventricular cavity. 


c. Posterior cusp of the pulmonary valve (Fig. 7A): The 
flat diastolic slope and absence of an A wave may suggest the 
diagnosis of pulmonary hypertension. 

d. Anterior aortic root (Fig. 2 and 7B): The aortic root 
appears to be dilated, and the presence of aortic root dissection 
may be suspected. 

e. Right atrial myxoma (Fig. 8): The area posterior to the 
catheter echo demonstrates many reverberations, suggesting 
the possibility of a mass in the right ventricle. Their presence 
only in diastole suggests a right atrial myxoma. 

f. Right side of interventricular septum (Fig. 9A): When 
the echo simulates this structure, the right ventricle may ap- 
pear smaller than it is. Septal thickness may appear to be in- 
creased, leading to an erroneous diagnosis of asymmetric 
septal hypertrophy. 

Left ventricular structures by reverberations from the 
catheter echoes: Examples of these are shown in Figure 9: 

a. Left side of the interventricular septum (Fig. 9A): 
Possible misdiagnoses include asymmetric septal hypertrophy 
and exaggerated septal motion. The left ventricle will appear 
smaller than it actually is. 


b. Anterior mitral leaflet (Fig. 9B): In this unusual pattern 
the early diastolic slope is reduced, and the leaflet appears to 
be touching the septum. The mitral valve may be thought to 


be abnormal. 


Comments 


A high degree of suspicion will help avoid many po- 
tential errors in echocardiographic diagnosis related to 
Swan-Ganz catheters. Strong echoes with atypical 
motion are the most common finding. The continuity 
of the catheter may be visualized between the body and 
outflow tract of the right ventricle. The patterns of re- 
verberation in the left ventricle are the most difficult 
to evaluate; the original echo in the right ventricle will 
demonstrate a similar pattern in these cases. There will 
be times when the identity of an echo cannot be deter- 
mined with certainty. In these cases, the catheter should 
be removed from the right ventricle. If this is not de- 
sirable, green dye can be injected into the right ventricle 
or air inflated into the balloon, as described earlier. 

Errors in interpretation caused by balloon flotation 
catheters may become more frequent because use of the 
echocardiogram is increasing in special care areas of the 
hospital, where many patients may have intracardiac 
catheters. It is necessary that the echocardiographer 
know of the catheter’s presence so that the procedures 
for clarification described here can be used when nec- 
essary. 
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A case of an adult with Bartter’s syndrome (hyperplasia of the juxtaglo- 5 
merular complex with hyperaldosteronism and hypokalemic alkalosis) _ 
is described; the patient had the unusual manifestation of cardiomyopathy, 
probably secondary to severe hypokalemia. Results of metabolic studies 
and kidney biopsy were consistent with Bartter’s syndrome; angiographic 


and hemodynamic findings were abnormal. The cardiomyopathy was 


confirmed at autopsy after the patient’s sudden death. Conclusions from 
this case are that severe hypokalemia can pose a serious threat both — 


immediately in the form of dangerous arrhythmias and in the longterm _ 3 


in the form of cardiomyopathy. 


Hypokalemic myocarditis in experimental animals has been described ` 


previously. Chronic potassium deficiency has been documented to 


produce myocardial lesions in the experimental animal.! Although there E 
have been clinical references to hypokalemic cardiomyopathy,” there _ 


are no reports of hemodynamic and angiographic studies in patients with 
hypokalemic cardiomyopathy. We recently studied a young woman with 
Bartter’s syndrome, hypokalemia, cardiomegaly and ventricular ar- 


rhythmia who was demonstrated to have cardiomyopathy, probably E 


secondary to the hypokalemia. 


Case Report 
Clinical Data 


This 27 year old white married woman had been in good health until April 
1972, when she was found unconscious with ventricular fibrillation and was 
successfully resuscitated in another hospital. Her recovery was complicated by 
pneumonia, probably caused by aspiration. The patient had no neurologic de- 
ficiency after her recovery, although she had been comatose for about 10 days. 
During her hospitalization she had hypercalciuria and persistent hypokalemia 
(potassium less than 3.0 mEg/liter) despite the administration of large amounts 
of potassium. Aldactone®, 200 mg daily, and 10 percent potassium chloride elixir, 
80 mEq daily, were given for more than 1 year and stopped a few days before her 
admission to our clinical research center in August 1973. 

On admission, the patient complained of palpitations, dyspnea on exertion, 
back pains, fatigue, weakness and lack of ambition. She had had difficulty 
completing her daily housework in spite of almost doubling her normal amount 
of sleep and reported having had headaches and salt craving for many years. She 
had increased perspiration but no temperature intolerance. Paresthesias, 
nocturia and syncope were absent. All of her immediate family, spy tery: her 
6 year old daughter, were normokalemic. 

Physical examination revealed a normokinetic alert obese woman with a 
height of 169 cm and body weight 101.4 kg. Her obesity was generalized, without 
features of Cushing’s syndrome. Blood pressure and pulse rate were, respectively, 
110/80 mm Hg and 84/min supine and 120/90 and 92/min standing. Strength 
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FIGURE 1. Electrocardiographic strips. A, ventricular 
bigeminy (serum potassium = 2.9 mEq/liter). B, ven- 


à ALi . data ANN i SAREE tricular tachycardia with impulses arising from two foci 
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_ was subnormal in all muscle groups. The heart was moderately 

_ enlarged, and cardiac rhythm was regular with occasional 
premature beats. The first heart sound was normal; the second 
sound appeared paradoxically split. There were no murmurs, 
friction rubs or extra sounds. 

Routine laboratory studies on admission revealed the 
following data: fasting blood sugar 125 mg/100 ml; blood urea 
nitrogen 9 mg/100 ml; serum creatinine 0.9 mg/100 ml; he- 
| matocrit 44.4 percent; serum electrolytes, sodium 139, po- 
| tassium 2.7 and chlorine 99 mEq/liter and carbon dioxide 28 
|! millimoles/liter; serum calcium 4.8 mEq/liter; and serum 
| phosphorus 3.7 mg/100 ml. Results of urinalysis, serum pro- 
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FIGURE 2. Daily serum concentrations of sodium (Na) and potassium 
(K) at 8 AM and 4 PM, and urinary sodium and potassium excretion on 
10 mEq sodium intake and various levels of potassium intake, in 
mEq/day. L = liter; UxV = total urinary excretion of potassium in 24 
hours; UnaV = total urinary excretion of sodium in 24 hours; Wt = 
weight. 
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(serum potassium 3.2 mEq/liter). 


tein determinations and magnesium and thyroid function 
tests were all normal. Creatinine clearance was 89 ml/min. 
Urinary 17-hydroxycorticosteroid (Porter-Silber) was 7.0 
mg/24 hours. Urinary protein excretion ranged from 0.02 to 
0.03 g/day. Renal flow and imaging with technetium-99m-iron 
ascorbate and radiohippuran® and an intravenous pyelogram 
yielded normal findings. A water load (20 ml/kg) was excreted 
normally while a dehydration test revealed urinary concen- 
tration to 551 mOsm/kg. The chest X-ray film revealed car- 
diomegaly. 

The electrocardiogram disclosed sinus rhythm, U waves, 
occasional premature ventricular contractions, left axis de- 
viation and low voltage. T waves were inverted in leads V4 to 
Ve and flat in the limb leads, and the Q-T, internal was pro- 
longed. Two subsequent electrocardiograms taken during a 
period of unrestricted sodium intake showed ventricular bi- 
geminy on one occasion (Fig. 1A) and ventricular tachycardia 
with impulses arising from two foci (Fig. 1B) on another oc- 
casion. Serum potassium was 2.9 and 3.2 mEq/liter, respec- 
tively, on these two occasions. 


Special Studies 


Methods: The patient was studied during two admissions 
to the clinical research center. During the first admission she 
was kept on a constant diet of 10 mEq sodium daily for 17 days 
and 200 mEq sodium daily for 4 days. During the period of low 
sodium diet, potassium intake was increased stepwise from 
80 to 200 to 400 mEq/day. During the second admission the 
patient’s diet was kept constant for some studies and unre- 
stricted in sodium for others, and she was given an oral po- 
tassium supplement to achieve a positive potassium intake 
of 160 to 180 mEq daily. Urine was collected daily for elec- 
trolyte measurements. Serum electrolytes were determined 
at 8 AM and 4 PM daily with flame photometry. Under vari- 
ous diets and treatments in the supine and standing positions, 
plasma renin activity was measured from a radioimmunoassay 
of angiotensin I generated during a 2 hour incubation at pH 
7.4, and plasma aldosterone was measured with a radioim- 
munoassay technique.’ 

Diagnostic right and left heart catheterization was per- 
formed during the patient’s first hospital stay to investigate 
the cause of the cardiomegaly and repetitive ventricular ar- 
rhythmias. Catheterization was performed,in the standard 
manner by way of the right antecubital vein and right femoral 
artery. The patient was taking no medication except for 
supplemental potassium given at the time of the study. 
Pressures were recorded on a Hewlett-Packard 8890A re- 
cording and display system equipped with Hewlett-Packard 
1280B pressure transducers. 

Cardiac output was measured with use of the direct Fick 
method. After retrograde left heart catheterization, left ven- 
tricular cineangiography was performed using the Seldinger 
technique. Selective coronary arteriography was performed 
using the Judkins technique. Left ventricular volumes were 
calculated using single plane cineangiograms in the right an- 
torte oblique projection according to the method of Greene 
et al. 
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TABLE | 


Plasma Renin Activity (PRA) and Plasma Aldosterone Measurements 





Treatment 


10 mEq Na, 80 mEq K 
10 mEq Na, 200 mEq K 
10 mEq Na, 400 mEq K 
10 mEq Na, 80 mEq K 
200 mEq Na, 80 mEq K 
200 mEq Na, 170 mEq K + propranolol, 80 mg/day 
ACTH (Cortrosyn®) 
Propranolol, 40 mg/day 
Normal (mean + SEM) 
10 mEq Na, 80 mEq K 
200 mEq Na, 80 mEq K 


K = potassium; Na = sodium; SEM = standard error of the mean. 


Metabolic studies: Figure 2 shows that on a daily intake 
of 10 mEq sodium and increasing amounts of potassium, the 
serum potassium level was consistently lower at 8 AM than 
at 4 PM but rose from 2.5-3.4 to 3.5 to 4.5 mEq/liter as po- 
tassium intake was increased, decreasing again to less than 
3 mEg/liter when potassium intake was reduced again. Serum 
sodium was normal at 8 AM (138 to 142 mEq/liter) but lower 
at 4 PM (134 to 137 mEq/liter); this diurnal difference tended 
to disappear as potassium intake was increased. Urinary so- 
dium excretion increased from 40 to 50 to 107 mEq/liter as 
potassium intake was increased from 80 to 200 to 400 mEq/ 
day, respectively; the mean sodium excretion decreased again 

‘to + 40 mEq/day as potassium intake was reduced to 80 mEq 
daily. The urinary potassium level changed according to 
changes in intake and was usually slightly below intake 
level. 

Plasma renin activity was consistently elevated with all 
combinations of sodium and potassium intake tested (Table 
I). Plasma renin activity either increased or decreased ap- 
propriately with changes in posture or sodium and potassium 
intake or with the addition of propranolol. Similar relevant 
changes were observed in plasma aldosterone concentrations, 
with the exception that propranolol produced an inconsistent 
effect on plasma aldosterone concentration. 





EDV=209cc 
ESV=112cc 
SV=97cc 
EF = 46 
FIGURE 3. End-diastolic (solid lines) and end-systolic (dashed lines) 
silhouettes from the left ventricular cineangiogram (right anterior 
oblique). The volumes are increased and there is severe hypokinesis 
of the anteroapical segment, in addition to mild hypokinesis of the in- 
ferior and high anterior segments. EDV = end-diastolic volume (ml); 
EF = ejection fraction; ESV = end-systolic volume (ml); SV = stroke 
volume (ml). 
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CARDIOMYOPATHY IN BARTTER’S SYNDROME—POTTS EF AL 


PRA oam per hour) 
ecumben tanding 


25.7 45.8 26 128 
12.9 67.0 24 148 
13.7 38.0 105 275 
15.9 48.5 35 71 
7.6 39.6 7 29 
6.4 19.3 13 136 
Ar aig 145 PIN 
5.0 21.8 4 110 
5.8 + 0.6 9.04%: 1.1 9.1: 0.9 48.2 + 11.8 
1.7 + 0.4 4.3 + 0.7 5.6 + 0.7 22.8 + 3.2 


Hemodynamic data: The intracardiac pressures (in mm _ 
Hg) were: systemic artery 120/70; left ventricle 120/15 (end- 
diastolic pressure increased to 19 after the left ventriculo- 
gram); pulmonary artery 25/14; right ventricle 25/8; and right 
atrium (mean) 7. Cardiac output (liters/min) was 6.0 (pre- _ 
dicted 7.7) and cardiac index (liters/min per m? body surface 
area) was 2.7 (normal 2.8 to 4.21). Left ventricular ejection 3 a 
fraction was 0.46 (normal 0.60 to 0.75). The left ventricle was 
dilated and there was severe hypokinesia of the anteroapical — 
segment, in addition to mild hypokinesia of the inferior and 
high anterior segments (Fig. 3). a 

Kidney biopsy: Light microscopy of the renal biopsy re- _ 
vealed striking hypercellularity of the juxtaglomerular cells 
(Fig. 4). The glomeruli had no lesions; the tubules and arteries 
had no significant lesions. The electron microscopic studies 









FIGURE 4. Renal biopsy specimen, microscopic section. Typical jux- 
taglomerular complex showing a large hypercellular nest of pgs 
merular (JG) cells between the macula densa (MD) and glomerulus (G) — 
(X500, reduced by 13 percent). 
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FIGURE 5. Microscopic section of subepicardial myocardium showing 
loss of myocardial cells, residual large and atrophic cells (arrows), 
vacuolization of cytoplasm and marked interstitial fibrosis (X75, reduced 
by 8 percent). 


revealed that the hyperplastic juxtaglomerular cells contained 
prominent dilated rough endoplastic reticulum made up of 


_ fine granular material but no discrete granules or crystalloides. 


This was interpreted as the hypersecretory phase of these 


cells. 


_ Subsequent Course and Autopsy 


The patient was largely asymptomatic during therapy with 
propranolol and spironolactone except for postural hypo- 
tension and weakness. Ten months after her discharge from 


~ our research center, she was admitted to another hospital for 


attempted suicide, once by taking an overdose of her medi- 


- cation and on another occasion by cutting her wrists. A few 


weeks later, she was found dead at home. 
The gross autopsy revealed a moderately dilated heart 
weighing 390 g. The coronary arteries had no atherosclerosis. 


_ The abdominal aorta was small but the renal arteries were not 


a 


t Y 


_ narrowed. The kidneys had a finely granular cortex and small 
_ areas of cortical scarring. The adrenals were of the usual size 
and shape, and no tumor nodules were noted. 


Microscopic examination of the tissues revealed marked 


-= myopathic changes, particularly in the subepicardial myo- 


cardium (Fig. 5). There was striking dropout of muscle fibers 


_ with replacement by delicate fibrous tissue. The remaining 


muscle fibers were a mixture of giant hypertrophied fibers and 
small atrophic fibers with vacuolarization of the cytoplasm 
(Fig. 5). The fibers nearer the endocardium did not show these 
changes. The adrenal cortices revealed a prominent glomer- 
ulosa zone. 





The kidneys showed the same striking juxtaglomerular cell 
hyperplasia seen in the biopsy. No vacuolar degeneration of 
the tubules was present. Small areas of ischemic atrophy and 
fibrosis were present in the cortex. 


Discussion 


The patient had persistently elevated levels of plasma 
renin activity derived equally from both kidneys, per- 
sistent severe hyperaldosteronism, hypokalemia and 
histologic features of hyperplasia of the juxtaglomerular 
apparatus, all of which are characteristic of Bartter’s 
syndrome.:!° This patient was different from the usual 
patient with Bartter’s syndrome, in whom this disorder 
develops in early childhood and severely stunts physical 
growth and development,?-!? because her disorder ap- 
pears to have first manifested itself in adult life after she 
had grown to a normal stature. Although she had gen- 
eralized muscular weakness, the predominant clinical 
and objective manifestations of her profound hypok- 
alemia were primarily related to cardiac function, as 
reflected by (1) ventricular tachyarrhythmias, (2) he- 
modynamic and angiographic evidence of a functional 
cardiomyopathy, and (3) characteristic electrocardio- 
graphic features of severe hypokalemia. 

Hypokalemic cardiomyopathy: Animal studies 
have demonstrated that severe potassium depletion 
may cause morphologic changes in the myocardium,! 
including vacuolization of the cytoplasm, disruption of 
myofilaments and ballooning of cell membranes. The 
microscopic abnormalities observed in the heart of 
human subjects?-4 dying with hypokalemia of various 
causes are identical to those induced by feeding a po- 
tassium deficient diet to rats. However, we can find no 
published reports of functional myocardial impairment 
resulting from chronic hypokalemia in man. 

There are subtle differences between histologic 
findings in patients with idiopathic cardiomyopathy 
and those described in the heart of hypokalemic animals 
or patients dying with hypokalemia. The major patho- 
logic finding supporting hypokalemic cardiomyopathy 
in our patient was vacuolization of the cytoplasm. This 
pathologic change, although nonspecific, is not generally 
described in idiopathic congestive cardiomyopathy.!* 
Electron microscopic studies of the myocardium were 
not performed in conjunction with light microscopic 
studies; this was unfortunate because ultrastructural 
changes have been described that could differentiate 
between idiopathic and other forms of cardiomyopa- 
thy 

Some of the more frequent causes of cardiomyopathy, 
in addition to the more common idiopathic origin, were 
eliminated in our patient, including alcohol, toxins, 
peripartum states, infection, infiltrative diseases and 
endocrine disorders. Alcoholic cardiomyopathy was 
eliminated because she was not an alcoholic. She had 
no history of exposure to toxins, or of recent viral or 
bacterial infections. Because her only pregnancy was 
uncomplicated and occurred 6 years before the study, 
the possibility of peripartum cardiomyopathy was 
eliminated. The patient’s endocrine status was normal. 
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Infiltrative disorders were eliminated on the basis of the 
histologic studies. 

The increased heart weight in this patient was dis- 

* tinctly abnormal but was below the average heart 
weight!> found in patients with congestive cardiomy- 
opathy because her disease had not progressed to the 
congestive stage. The presence of elevated left ven- 
tricular end-diastolic pressure, left ventricular hypo- 
kinesia and low ejection fraction all support the diag- 
nosis of cardiomyopathy. Hamby et al.,! in performing 
hemodynamic studies on patients with primary myo- 
cardial disease, found that ejection fraction and cardiac 
output were fairly well maintained in the early stage of 
the cardiomyopathic process. This finding probably 
explains the absence of profound depression of these 
two indexes in our patient. 

Ventricular tachycardia and ventricular fibrillation, 
known complications of hypokalemia,!” occurred in this 
patient. At the time of the two episodes of ventricular 
tachyarrhythmias the serum potassium level was 2.3 
and 3.2 mEg/liter, respectively. Because it is a more 


References 


1. Molnar Z, Larsen K, Spargo B: Cardiac changes in the potassium 
depleted rat. Arch Pathol 74:339-347, 1962 

2. Perkins JG, Petersen AB, Riley JA: Renal and cardiac lesions in 
potassium deficiency due to chronic diarrhea. Am J Med 8: 

— 115-123, 1950 

3. Reye JD: Death in potassium deficiency—report of a case in- 
cluding morphologic findings. Circulation 5:766-770, 1952 
4. Rodriguez C, Wolfe A, Bergstrom V: Hypokalemic myocarditis. 
Am J Clin Pathol 20:1050-1055, 1950 

WB, _ Bell EG, Sandler M, O'Mara RE, et al: Use of 9°™Tc-iron ascorbate 

< complex in the evaluation of diffuse renal parenchymal disease 
(abstr). J Nucl Med 12:339, 1971 

6. Goodfriend TL: Radioimmunoassay of angiotensin and renin ac- 
tivity. In, Methods in Investigative and Diagnostic Endocrinology 
(Berson SA, Yalow RS, ed). Amsterdam, London, North-Holland, 
1973, p 1158-1168 

7. Underwood RH, Williams GH: The simultaneous measurement 
of aldosterone, cortisol, and corticosterone in human peripheral 
plasma by displacement analysis. J Lab Clin Med 79;848-862, 
1972 

8. Greene DG, Carlisle R, Grant C, et al: Estimation of left ventricular 
volume by one plane cineangiography. Circulation 35:61-69, 
1967 

9. Bartter FC, Pronove P, Gill JR, et al: Hyperplasia of the juxtaglo- 
merular complex with hyperaldosteronism and hypokalemic alk- 






















EAFA KSA LS ANA ara a 


E bet he Vigil 0! 
(07 ATHY IN BARTTER’S SYNDROME—POTTS ET AL. p 


common cause of hypokalemia than Bartter’s syndrome, — 
surreptitious thiazide diuretic abuse was considered a; k 
this patient, but was ruled out conclusively, 

Clinical implications: To our knowledge, the oc- — 
currence of a functionally significant cardiomyopathy 
apparently caused by hypokalemia has not previously 
been demonstrated in human subjects. We believe that — 
this case emphasizes the serious threat that severe hy- | 
pokalemia can pose, both immediately in the form of — 
dangerous arrhythmias and in the long term in the form — 
of cardiomyopathy. Another possible clinical implica- ` 
tion is that patients with prolonged hypokalemia in- _ 
duced by chronic diuretic therapy can undergo mor- — 
phologic and functional cardiomyopathic changes. 
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Three instances (in two patients) of acute myocardial infarction associated 
with arteriographically normal or near normal coronary arteries are re- 
ported. One patient with a lateral infarction had a normal coronary arte- 
riogram and hypokinesia of the lateral wall. Another patient had two in- 
farctions: (1) a transmural inferior-lateral infarction associated with oc- 
clusion of the most distal segment of the posterior descending branch of 
the right coronary artery, and (2) a transmural anterior-lateral-superior 
infarction associated with occlusion of the most distal segment of the left 
anterior descending coronary artery. Neither occlusion was consistent 
with the extent of infarction. Although coronary arteriography was per- 
formed as early as 12 1/2, 3 3/4 and 11 2/3 hours, respectively, after the 
onset of symptoms of infarction in these three instances, the patho- 
physiologic features of the infarctions are obscure. Temporary occlusion 
of an epicardial coronary artery by spasm or platelet aggregates, or both, 
is suggested as a possible mechanism of the acute event. 


Transmural and nontransmural acute myocardial infarction may occur 
in patients with normal or near normal coronary arteriograms.!-22 
However, arteriographic documentation of normal or near normal cor- 
onary anatomy has always been obtained weeks to years after the acute 
infarction, the briefest reported interval being 26 days.!° Arnett and 
Roberts” recently stated that “an arteriographically normal coronary 
tree has never been demonstrated at the time of acute myocardial in- 
farction” and concluded that acute myocardial infarction with angio- 
graphically normal coronary arteries was an unproved combination. 

We recently encountered three instances (in two patients) of acute 
myocardial infarction associated with normal or near normal coronary 
arteriograms. In each case the arteriograms were obtained within 12 1/2 
hours from the onset of symptoms of acute infarction. 


Case Reports 
Case 1 


A 44 year old white man with no previous history of cardiovascular disease 
awoke at 1:00 AM on July 6, 1975 with severe substernal chest pain radiating 
into the left arm. The pain was accompanied by dyspnea, diaphoresis, nausea 
and vomiting. The patient had no history of hypertension, diabetes, cigarette 
smoking or obesity and no family history of coronary artery disease. 

Examination at 10:00 AM showed a blood pressure of 136/84 mm Hg, sinus 
rhythm of 86/min and normal cardiac findings. The initial electrocardiogram 
at 10:15 AM revealed an acute lateral-superior infarction (Fig. 1A). Preparations 
were made for coronary arteriography under a research protocol. Informed 
consent was obtained from the patient in the presence of a patient advocate (an 
intern or resident). The only medication given before arteriography was mor- 
phine sulfate. 
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FIGURE 1. Case 1. Electrocardio- 
grams. A, July 6, 1975 at 10:15 AM. 
S-T segment elevation is present in 
leads |, aVL and V; to Vg. B, July 6 
at 3:30 PM. The S-T segment ele- 
vation is considerably less and 
small Q waves have appeared in 
leads Vs and Ve. C, July 10 at 8:45 
AM. T wave inversions have oc- 
curred in V4 to Ve. D, July 12 at 
11:10 AM. The ST-T changes have 
reverted nearly to normal; the small 
Q waves in leads V5 and Vg, per- 
sist. 





FIGURE 2. Case 1. Frames from coronary arteriograms. 
A, normal right coronary artery in left anterior oblique 
projection. B, normal left coronary artery in left anterior 
oblique projection. C, normal left coronary artery in right 
anterior oblique projection. 
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‘TABLE | 
_ Serum Enzyme Determinations 
Date/Time SGOT (normal 50 u*) LDH (normal 200 u*) CK (normal 100 u*) e 
Patient 1 
July 6, 1975 a 1:00 AM) 71 244 590 
July 7, 1975 (8:00 AM) 195 330 526 
July 8, 1975 (8:00 AM) 102 288 214 
July 9, 1975 (8:35 AM) 54 259 65 
July 15, 1975 (8:45 AM) 44 210 58 
July 16, 1975 (8:00 AM) 31 172 49 
Patient 2 
February 12, 1974 (1:40 PM) 70 157 52 
February 13, 1974 (8:15 AM) 37 129 40 
i February 8, 1975 (7:30 PM) 53 202 254 
February 9, 1975 (9:00 AM) 184 225 287 
February 10, 1975 (8:00 AM) 116 262 246 
February 12, 1975 (8:30 AM) 37 226 101 
February 13, 1975 (8:00 AM) 50 201 96 
February 14, 1975 (8:00 AM) 40 189 77 
February 20, 1975 (1:15 AM) 57 174 82 
February 20, 1975 (9:45 AM) 300 463 1292 
February 21, 1975 (8:30 AM) 235 594 526 
February 22, 1975 (9:00 AM) 94 481 157 


* Upper limit of normal. 
t Time of coronary arteriography. 
CK = creatine kinase; LDH = 


The chest pain began subsiding between 12 noon and 1:00 
| PM but was still present when coronary arteriography was 
_ performed at 1:30 PM. The procedure was performed without 
complications using the Judkins technique after systemic 
heparinization. Arteriograms of the left and right coronary 
- arteries were obtained in the left anterior oblique and right 
- anterior oblique positions at 60 frames/sec (Fig. 2). No ab- 
normality was present. The films were reviewed indepen- 
dently by two cardiologists and a cardiac radiologist who did 
-not know the clinical circumstances. They agreed that the 
arteriograms were normal. A biplane left ventricular cinean- 
giogram revealed hypokinesia of the lateral wall. 
= After cardiac catheterization the pain continued to subside. 
An electrocardiogram obtained at 3:30 PM showed consid- 
erable reduction of the S-T segment elevation and the de- 
_ velopment of small Q waves in leads V; and Ve (Fig. 1B). Re- 
sults of serial serum enzyme determinations confirmed the 
_ presence of acute myocardial infarction (Table I). The initial 
enzyme determination (11:00 AM on July 6, 1975) was per- 
formed before coronary arteriography. All other enzyme de- 
` terminations followed arteriography. 
Laboratory data obtained before cardiac catheterization 
| included: hematocrit 48 percent, white blood count 11,300/ 
. mm, serum sodium 142 mEq/liter, blood urea nitrogen 19 
_ mg/100 ml, glucose 137 mg/100 ml, cholesterol 121 mg/100 ml, 
f uric acid 8.7 mg/100 ml, platelet count 230,000/mm* and 
_ prothrombin time 11.5 seconds. 
ek -~ After complete relief of pain at about 3:00 PM on July 6, the 
_ patient had an uncomplicated course. Serial electrocardio- 
_ grams showed evolving changes of infarction (Fig. 1). The 
patient was discharged to his home in another country on no 
_ medication. Follow-up efforts were unsuccessful. 
Comment: Historical, enzymatic and electrocardiographic 
- evidence of acute myocardial infarction preceded coronary 
arteriography performed 12 1/2 hours after the onset of 
symptoms. It is difficult to be certain if the infarction was 
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lactic dehydrogenase; SGOT = serum glutamic oxaloacetic transaminase. 


transmural or nontransmural because the Q waves in leads V5 
and Vg were less than 0.04 second in duration (Fig. 1). How- 
ever, the initial absence of these Q waves suggests that the 
subsequent Q waves are indicative of transmural infarction. 

Although coronary arteriography can produce or extend an 
acute myocardial infarction,” it is unlikely that this was the 
case in our patient because evidence of infarction preceded 
the arteriography. It is also unlikely that the coronary arte- 
riography converted a nontransmural into a transmural in- 
farction for several reasons: (1) The cardiac catheterization 
was brief and apparently uncomplicated; (2) meticulous at- 
tention was paid to technical aspects known to be associated 
with catheter-induced infarction?°; (3) the patient had no 
recurrence of chest pain during the procedure—in fact, the 
pain was subsiding and was gone completely 1 1/2 hours later; 
(4) the reduction of S-T elevation and the appearance of small 
Q waves 2 hours after coronary arteriography is more consis- 
tent with an evolving transmural infarction occurring 14 1/2 
hours earlier than with an extension of infarction produced 
by arteriography; and (5) an extension of infarction is not 
reflected by the serum enzyme pattern. The serum creatine 
kinase and glutamic oxaloacetic transaminase levels are not 
significantly affected by coronary arteriography performed 
with the Judkins technique.?° 


Case 2 


First admission: A 36 year old black man with no coronary 
risk factors except cigarette smoking was in excellent health 
until February 12, 1974 when he was admitted because of 
anterior pleuritic chest pain. A pulmonary embolus was con- 
sidered because of the pain, the level of partial pressure of 
oxygen (55 mm Hg) and a normal chest roentgenogram. A 
ventilation-perfusion lung scan disclosed small corresponding 
defects in the left lung and right lower lobe. A pulmonary 
angiogram was normal. 

A normal electrocardiogram (not shown) was obtained on 
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FIGURE 3. Case 2. Electrocardio- 
grams. A, February 9, 1975 at 8:25 
AM. S-T segment elevation and T 
wave inversion are present in leads 
Il, Ill, aVF and V3 to Vg. Q waves of 
0.03 second duration are seen in 
leads II, Ill and aVF; they are broader 
than those in a baseline electro- 
cardiogram in 1974; the R wave 
amplitude in leads V4 to Vg is also 
less. B, February 14 at 8:28 AM. 
The S-T elevation is reduced and 
the inferior wall Q waves are briefer 
than those on February 11. C, Feb- 
ruary 20 at 8:37 AM. S-T segment 
elevation is present in leads |, aVL 
and V3 to Vg with corresponding 
deep Q waves consistent with an 
anterior-lateral-superior infarction. 
D, March 5 at 9:38 AM. Evolution of 
the infarction pattern has oc- 
curred. 


D 


February 12, 1974. Small Q waves were present in leads II, III 
and aVF. Three weeks later the patient had a normal sub- 
maximal treadmill stress test (heart rate 167/min). 

Second admission: The patient remained asymptomatic 
for 1 year. At about 5:30 PM on February 8, 1975, after laying 
tile, he experienced substernal chest pain that radiated into 
both arms and made them feel “heavy.” The initial electro- 
cardiogram at 6:30 PM (not available but similar to that in Fig. 
3A) revealed an acute inferior infarction. Cardiopulmonary 
examination was normal except for a blood pressure mea- 
surement of 160/100 mm Hg during pain. 

The patient was asked to participate in the previously 
mentioned research protocol. The only medication given be- 
fore coronary arteriography at 9:15 PM was morphine sulfate. 
The study was performed without complication using the 
Judkins technique after systemic heparinization. A left ven- 
tricular cineangiogram was not obtained. 

Serial serum enzyme levels were determined before and 
after coronary arteriography (Table I). Other laboratory data 
included hematocrit 48 percent, white blood count 13,400/ 
mm?, platelets 225,000/mm?, partial pressure of oxygen 71 mm 
Hg, partial pressure of carbon dioxide 18 mm Hg, pH 7.55, 
blood urea nitrogen 8 mg/100 ml, glucose 107 mg/100 ml, so- 
dium 137 mEq/liter, potassium 3.8 mEq/liter, chlorides 102 
mKq/liter, carbon dioxide 20 mEq/liter, cholesterol 221 
mg/100 ml and uric acid 6.5 percent. 


After complete relief of his chest pain at about 10:00 PM 


on February 8, the patient had an uncomplicated course and 
he was discharged taking no medications on February 17. 
Third admission: During the next 3 days at home he was 
asymptomatic until 12:30 AM on February 20, when he ex- 
perienced severe substernal chest pain that radiated into both 
arms and was accompanied by profuse sweating and dyspnea. 
Examination at 1:30 AM was normal except for hypertension 
(blood pressure 170/110 mm Hg) that resolved when the pain 
subsided. Electrocardiograms at 1:30 and 8:38 AM (Fig. 3C) 
revealed an acute anterolateral-superior infarction. 
Knowing that his left anterior descending coronary artery 
was arteriographically normal 12 days earlier and that he now 
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had an acute anterolateral-superior infarction, we discussed 
the uniqueness of the situation with the patient and his family — ay 
and expressed our interest in repeating the coronary arteri- _ 
ography to attempt to elucidate the pathophysiology of the A ’ 
patient’s one or more infarctions. After consent was obtained 
arteriography was performed without complication at 12:10 — 
PM on February 20. Before arteriography the patient received — 
morphine sulfate, isosorbide dinitrate and propranolol. : 

The chest pain subsided about 5 hours after the cardiac 
catheterization. Administration of isosorbide dinitrate (5 mg _ 
sublingually every 2 hours) and propranolol (40 mg every 6 
hours) was continued until February 26. Treatment with di- 
pyridamole (25 mg three times daily) was started and the 
patient was discharged on March 5, 1975 taking only this drug. 
When last seen as an outpatient on March 26 he was asymp- __ 
tomatic. According to his family, he later returned to work and 
had no angina or other symptoms. Treatment with dipyrida- 
mole was discontinued. In May 1976 he moved to California 
where he died suddenly outside the hospital on July 29, 1976. 
An autopsy was not performed. 3 

Results of coronary arteriography: The study performed 4 


the procedure, and the electrocardiogram always showed S-T 
segment elevation in leads II, III and aVF. The arteriograms — 
were obtained 3 3/4 hours after the onset of symptoms of acute — 
myocardial infarction. The vessels appeared entirely normal _ 
except for an occlusion of the most distal segment of the — 
posterior descending branch of the right coronary artery (Fig. 
4A). This lesion was so minor that it was only noticed after — 
repeated viewing of the arteriogram. A 
The cardiac catheterization on February 20, 1975 was t 
preceded by the sublingual administration of isosorbide di- A 
nitrate. Pain persisted during the procedure and the S-T 
segment remained elevated in leads I and aVL. The arterio- — 
grams were obtained 11 hours, 40 minutes after the onset of 
symptoms of acute infarction. An occlusion of the most distal _ 
segment of the left anterior descending coronary artery was _ 
present (Fig. 4C). This was clearly recognizable when the 
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FIGURE 4. Case 2. Frames from coronary arteriograms. A, normal right coronary artery in left anterior oblique projection on February 8, 1975. The 

occlusion of the posterior descending branch is beyond the most distal part of the artery seen in the lower right corner. B, normal distal left coronary 

artery on February 8, 1975. C, occlusion of distal left anterior descending artery (arrow) on February 20. Compare with B. D, normal proximal left 
-= anterior descending and circumflex coronary arteries on February 20. Right anterior oblique projection. 


appearance of this vessel was compared with that on February 
8 (Fig. 4B). The proximal left anterior descending and cir- 
- cumflex arteries appeared normal (Fig. 4D). The occlusion of 


the distal posterior descending artery persisted. Dyskinesia . 


_ of the anterior wall and akinesia of the apex were present; 
_ inferior wall motion was normal. 


Discussion 


_ These two cases (with three episodes of infarction) 
_ illustrate that acute myocardial infarction may occur 
_ in the absence of angiographic coronary artery disease 
and that little or no evidence of the initiating process 
_ may be demonstrable in arteriograms obtained within 
12 1/2 hours after the onset of symptoms. Although the 
- onset of symptoms does not necessarily coincide with 
the onset of infarction and the process of infarction 
could have begun hours before symptoms occurred, it 
is unlikely that the two events were separated by days. 
Thus, the period of time between the acute onset of 
infarction and arteriography in these three instances 
was much briefer than the interval of 26 days to several 


years between acute infarction and the arteriographic 
demonstration of normal or near normal coronary ar- 
teries in all previously reported cases.!-22 A recent 
pathologic study!® confirmed the presence of normal or 
near normal coronary arteries* in five patients with 
histologic infarcts 2 days old. 

Possible mechanisms of infarction with normal 
or near normal coronary arteries: Despite the 
proximity of arteriography to acute myocardial in- 
farction in these three instances, the mechanism of 


* The term “near normal coronary arteries" in patients with acute 
myocardial infarction has been frequently used without uniform defi- 
nition. Descriptions such as “minimal occlusive disease,’’” “areas of 
_40 percent narrowing,'’” ‘'40 to 50 percent reduction of luminal diam- 

eter” 18.21 and ‘slight irregularities” 2° have been applied to patients 

with near normal coronary arteries. In our study, the term “near normal “al 
coronary arteries” refers to the coronary anatomy in Case 2 where the 

vessels appeared normal except for very distal occlusions of the right 

and the left anterior descending coronary arteries. In all these studies, 

the tacit or stated concept is that the extent of coronary artery disease 

is insufficient to account for acute myocardial infarction. 
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acute myocardial infarction with normal or near normal 
coronary arteries remains obscure. However, our cases 
do provide inferential evidence against several proposed 

mechanisms. Recanalization or resolution of an in situ 
thrombus or a coronary embolus is unlikely to have 
occurrred within 12 1/2 hours. In the canine heart, the 
earliest normal arteriographic appearance of a coronary 
artery known to be totally or subtotally occluded im- 
mediately after the creation of a thrombus was 30 
days.?” Coronary emboli, occurring as a complication 
of cardiac catheterization, were demonstrated to resolve 
within 5 1/2 to 8 weeks.28 However, coronary arteriog- 
raphy has not been performed sooner after a coronary 
embolus to confirm or refute the possibility of earlier 
resolution. 

Anatomic or functional abnormalities of the in- 
tramyocardial coronary arteries and abnormalities of 
oxygen diffusion are also improbable mechanisms in our 
two patients. These abnormalities would be expected 
to produce generalized subendocardial damage rather 
than a localized transmural or nontransmural infarction 
associated with S-T segment elevations corresponding 
to the myocardium supplied by a single coronary artery 
and a localized impairment of contraction. The localized 
S-T segment elevations (three infarctions) and con- 
traction abnormalities (two infarctions) suggest that an 
epicardial coronary artery was involved. The circumflex 
or diagonal branch of the left anterior descending cor- 
onary artery supplied the area of myocardial infarction 
and abnormal contraction in Case 1, whereas the right 
and the left anterior descending coronary arteries 
supplied the areas of infarction in Case 2. 

Coronary arterial spasm: It seems probable that 
temporary total or subtotal occlusion of an epicardial 
coronary artery produced the three infarctions in our 
two patients. The two mechanisms most likely to be 
responsible for such temporary occlusion are coronary 
arterial spasm and platelet aggregates with subsequent 
fragmentation. At present, only coronary arterial spasm 
has been shown to cause myocardial infarction or severe 
myocardial ischemia in persons with normal coronary 
arteries. Observations relating coronary arterial spasm 
to myocardial ischemia or infarction include: (1) oc- 
currence of an anterior wall infarction after a patient’s 
withdrawal from long-term exposure to nitroglycerin. 
Spasm was postulated to be the cause, and coronary 
arteriography 6 months later showed normal coronary 
arteries.!! (2) Spasm of a normal right coronary artery 
associated with ischemic chest pain, inferior S-T seg- 
ment elevations and transient complete heart block in 
a patient with Prinzmetal’s angina.?9 (3) Spasm of the 
right coronary artery with cyanosis of the left ventricle, 
hypotension and ischemic electrocardiographic changes 
in another patient with Prinzmetal’s angina.*° (4) An 
acute inferior infarction as a result of spasm of the cir- 
cumflex coronary artery occurring during coronary ar- 
teriography.*! 

Platelet aggregates: Platelet aggregates themselves 
could produce severe myocardial ischemia or transmural 
infarction in the presence of normal coronary arteries. 
Platelet aggregates have been demonstrated experi- 
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mentally in the intramyocardial vessels after an infusion 
of adenosine diphosphate into the left ventricle or cor- 
onary ostia.3? Platelet aggregates have also been found 
in the epicardial and intramyocardial coronary arteries 
of patients with coronary artery disease who died sud- 


denly.**.34 However, the largest platelet aggregate in the _ 
latter study was 0.7 mm. Because an acute reduction of 
coronary blood flow below 70 percent of the baseline 
level35 or constriction of coronary luminal diameter by 

75 percent* is necessary to produce S-T elevation, itis _ 
unlikely that a platelet aggregate of this size could create _ 

sufficient obstruction of an epicardial coronary artery 


with a diameter of 2 to 4 mm to cause infarction. Folts 


et al.37 recently showed that platelet aggregates occur- _ 


ring at and just distal to a fixed 60 to 80 percent coro- 
nary arterial obstruction can cause a significant re- 
duction of coronary blood flow and S-T segment de- 
pression, but they did not demonstrate infarction. An- 
other difficulty with invoking platelet aggregation as a 


cause of transmural infarction is the rapidity with which 
these aggregates disappear. Platelet aggregates tend to — 


disaggregate in 6 to 10 minutes,®” whereas occlusion of 


a canine coronary artery for 25 to 45 minutes is neces- 


sary to produce infarction.*® Patients with acute myo- 
cardial infarction, presumably due to coronary artery 
disease, frequently have prolonged disaggregation 
times.°4° It is possible that, if persons with acute 
myocardial infarction and normal arteries also have 
prolonged disaggregation times, a large platelet aggre- 
gate could occlude a normal epicardial coronary artery 
long enough to produce acute myocardial infarction. 
The distal occlusions of the right coronary artery and 


left anterior descending artery in Case 2 could be due 4 
to small platelet aggregates washed downstream from __ 
larger proximal sources no longer present at the time of 


arteriography. 
Combined platelet aggregation and coronary 


spasm: A more attractive hypothesis involves the in- 


teraction of platelet aggregates and arterial spasm. 
Platelet aggregates could produce arterial spasm 
through the release of vasoconstrictive substances such 


as serotonin, prostaglandin G» or the newly discovered 
compound thromboxane A».*! The latter isa more po- ` 


tent vasoconstrictor than angiotensin II.42 Hence, a 


platelet aggregate that alone would not be large enough | 
to cause significant obstruction of a normal epicardial _ 

coronary artery could evoke spasm with consequent _ 
total or subtotal occlusion of the vessel. Alternatively, | 
spasm could produce subtotal occlusion of a normal 
artery with secondary formation of platelet aggregates 
at the site of narrowing, further reducing coronary flow, __ 
as suggested by the experimental studies of Folts et al.37 


A stimulus is necessary to induce either coronary arte- 
rial spasm or platelet aggregation. Ergotamine, meth- 


acholine and hyperkalemia can produce coronary ar- _ i 


terial constriction, whereas collagen, adenosine di- 


phosphate, thrombin and prostaglandin Gə can cause — 


platelet aggregation. Epinephrine and norepinephrine 


are ubiquitous substances that can cause both coronary 


arterial constrictiont344 and platelet aggregation.*>.46 
A transient catecholamine release, perhaps related to 
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cigarette smoking*’ or the rapid eye movement phase 
of sleep,*® could trigger the sequence of events leading 
to infarction in patients with normal coronary arte- 
ries. 

Therapeutic implications: Eighty-two percent of 
patients reported to have normal or near normal coro- 
nary arteries and acute myocardial infarction have been 
under age 50 years, and most have had few or no risk 
factors. Preceding angina has usually been absent. The 

` two patients described here conform to this profile. 

_ Coronary arteriography should be considered in this 

_ group of patients to detect those with normal or near 

. normal coronary arteries although most patients with 

these clinical features will be proved to have coronary 
atherosclerosis. 

Therapy of patients with acute myocardial infarction 
and normal or near normal coronary arteries should be 


SS 


predicated on etiologic factors. In situ thrombosis seems 
a likely cause in a few younger women taking oral con- 
traceptive agents,°!4 and coronary emboli seem prob- 
able in several other patients.!!° In the majority of re- e 
ported cases the etiology is obscure. If platelet aggre- 
gates or arterial spasm, or both, is responsible for acute 
myocardial infarction with normal or near normal cor- 
onary arteries, as suggested here, then dipyridamole is 
a rational therapeutic choice. This drug inhibits platelet 
aggregation and is also a potent coronary vasodila- 
tor. 
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EDITORIALS 


_ The Coronary Microcirculation* ! : 


WOLFGANG SCHAPER, MD, PhD 
JUTTA SCHAPER, MD 


Bad Nauheim, West German Federal 
Republic 


_ Inarecent issue of this Journal! eminent cardiologists 


£ 


$ 


daringly attacked an unsolved issue that is hotly argued 
among physiologists: myocardial microcirculation. 
Research in this field was clearly stimulated by the 
grave problem of coronary heart disease, and the report 
of Sherf et al.! is pertinent to our present understanding 


= of this problem. 


Years ago we all wanted to measure coronary blood 
flow because we hoped to separate, on the basis of blood 
flow, the diseased from the healthy part of the myo- 
cardium. But we were soon disillusioned and had to 


accept the fact that overall blood flow is not a good 


discriminatory index. We should have known from ev- 


~ idence at autopsy that coronary heart disease causes 


regional disturbances of flow and, hence, regional dis- 
turbances of contractility and metabolism. Progress in 
understanding these disturbances has been rapid and 
we can now visualize the lesion within a coronary artery 


_ with angiography. We can almost quantitate distur- 


f 
& 


bances in regional ventricular motility, we can draw 
blood samples selectively from cardiac veins to show 
abnormal regional metabolism and we have the gamma 
camera to estimate regional blood flow. With all these 
marvelous gadgets at hand we are able to unravel the 
pathophysiology of ischemic heart disease in many 
patients—but not all. 

Patients have been described who had clear clinical 


findings of acute myocardial infarction but whose cor- 


onary angiograms, obtained at some safe interval later, 
revealed normal coronary arteries. Autopsy reports have 
been published in which acute myocardial infarction, 


notably of the subendocardium, had developed in the 
_ presence of old coronary lesions. Why did the patients 


in these cases die of acute myocardial infarction when 


_ From the Max-Planck-institut für Physiologische und Klinische 


Forschung, Abteilung für Experimentelle Kardiologie, Bad Nauheim, 
West German Federal Republic. Manuscript received May 4, 1977, 
accepted May 25, 1977. 

Address for reprints: Wolfgang Schaper, MD, Max-Planck-Institut 
für Physiologische und Klinische, Forschung, W. G. Kerckhoff-Institut, 
Abteilung fur Experimentelle Kardiologie, Sprudelhof 11, 6350 Bad 


_ Nauheim, West German Federal Republic. 


nothing new had happened to their coronary arteries? 
In some, an occluding thrombus may have recanalized 
to such an extent that coronary angiography revealed 
no abnormality. In others, a fresh thrombus may have 
been lysed after death by still intact endothelium. 
Careful analysis of the reported cases shows that there 
is no proved reported case in which the patient had 
normal coronary arteries at the moment of acute myo- 
cardial infarction. Yet cases remain that cannot be ex- 
plained away. When we have a patient with normal 
coronary arteries but with angina pectoris and evidence 
for abnormal myocardial lactate metabolism, we usually 
seek refuge in the diagnosis of “small vessel disease.” 
This is a proved entity, but it cannot be documented 
during life although some patients have undergone 
myocardial biopsy to provide such documentation. 

When we focus on small coronary arteries to explain 
angina when the ischemic nature of the patient’s com- 
plaint cannot be doubted we can consider two possible 
mechanisms: changes in the structure of small arteries 
(that is, small vessel disease) or dysfunction of 
structurally normal small arteries. The latter possibility 
has, we believe, not been discussed before, and Sherf 
and his colleagues! are probably the first to introduce 
this concept. 

Although physiologists in the field of myocardial 
microcirculation appreciate this new clinical interest 
in their research, they are not in an enviable position: 
They have very few answers to the many questions of 
the clinicians. When we examine what is known about 
mammalian cardiac microcirculation we have to admit 
that we do not know which vascular structure is re- 
sponsible for regulation. We also do not know the nature 
of the biochemical mechanism that links blood flow to 
myocardial metabolism. 


Vascular Structures That Possibly 
Regulate Flow 
Three classes of vascular structures are now discussed 


as probable regulators of blood flow: so-called resistance 
vessels, precapillary sphincters and contractile endo- 





* Editorials published by the Journal reflect the views of the authors and do not necessarily represent the views 


of the Journal or of the American College of Cardiology. 


thelial cells. Resistance vessels range in size from small 
arteries to precapillary arterioles. They are known to 
produce the greatest portion of the decrease in pressure 
*within the arterial system and they have traditionally 
been considered the regulators of blood flow. As a whole 
they determine the arterial blood pressure. They are 
termed resistance vessels because the sum of all arte- 
riolar luminal surface areas is so large that very small 
changes in smooth muscle tone can produce enormous 
changes in flow. From the point of view of economy the 
resistance vessels are indeed the ideal flow regulators. 
Precapillary sphincters occur in many vascular 
provinces in the mammalian circulation. Their presence 
in the heart was claimed some 40 years ago, but con- 
vincing electron microscopic evidence of their existence 
is lacking. On the basis of microcinematographic data, 
Honig et al.” believe that precapillary sphincters occur 


FIGURE 1. Capillary after perfusion 
fixation with glutaraldehyde. The 
vessel wall is thin and the nucleus 
of the endothelial cell is flattened. 
Note the close apposition to the 
surrounding myocardial cells. Fig- 
ures 2, 3 and 4 show differences in 
appearance of small blood vessels 
after immersion fixation. (X30,000, 
reduced by 17 percent.) 


in the heart. But the finding that all capillaries are not — 


necessarily perfused in the beating heart with the body 
at rest can also be explained by the view that resistance 
vessels govern flow. It doesn’t make much sense to equip 
almost the entire arterial tree with lots of contractile 
material but to grant functional importance only to that 


one smooth muscle cell at the entrance of a capillary. $: 


However, nature need not comply with common 
sense. 


When small pieces of heart muscle are fixed by im- : 
mersion, as in the studies of Sherf et al.,! the capillary — 


lumen is almost always occluded. One cause is a pro- 
truding endothelial cell. It is known that endothelial 
cells contain contractile materials, and there is docu- 
mented evidence that these cells can, upon electrical 
stimulation, block corpuscular flow (that is, red blood 
cells) in capillaries. This was observed in frog mesentery, 
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but cinematographic techniques have so far not pro- 
duced evidence in the mammalian heart (atrium and 
ventricle) of this type of behavior. On the contrary, 
mammalian cardiac capillaries show a complete lack of 
vasomotion in Bing’s films.3 They give the impression 
of being completely passive structures, an observation 
that lends support to the traditional view that the “re- 
sistance vessels” govern coronary blood flow. When, on 
the other hand, heart muscle is fixed by perfusion these 
protruding endothelial cells are not observed except 
under one condition: when small arterioles undergo 
growth transformation in the neighborhood of ischemic 
heart muscle as in collateral growth. The question of 
whether endothelial cells play a role in the regulation 
of mammalian coronary blood flow is not answered. We 
tend to believe that protruding endothelial cells are 
either a transitory phenomenon in vascular growth or 
a fixation artifact. 

In perfusion fixation at physiologic pressure all small 
vessels show an open lumen, and they are in close con- 
nection with the surrounding myocardial cells (Fig. 1). 
In immersion fixation the configuration of the vessels 
depends (1) on the contractile state of the heart (that 
is, there are more open vessels in relaxed than in 
strongly contracted myocardial tissue), and (2) on the 





FIGURE 2. Capillary after immersion fixation in glutaraldehyde. The 
vessel is compressed by the contracted myocardial cells. Note the close 
proximity to the surrounding myocardium (30,000, reduced by 30 
percent.) 
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actual filling of these vessels at the time of fixation (Fig. 
2 to 4). A time lag in immersion fixation results in a very 
thin endothelial layer showing numerous blebs and 
pronounced vesiculation. The small vessels have usually 
lost contact with the surrounding myocardial cells in 
immersion fixed tissue. 

Because the course of most arterioles, capillaries and 


venules is parallel to the longitudinal axis of the muscle ` 


cells, only transversely cut sections reflect the true di- 
ameter and wall thickness and also the distribution of 
the capillaries, arterioles and venules within the myo- 
cardium. Although we believe that coronary blood flow 
is regulated by the resistance vessels, we do not exclude 
the possibility of a dual regulatory mechanism: one that 
controls overall blood flow according to myocardial 
oxygen consumption, and another that is responsible 
for “fine tuning” at the microcirculatory level. From 
studies by Liibbers and his school‘ it is quite evident 
that neither the classic Krogh’s cylinder model nor a 
countercurrent oxygen supply is present in the heart but 
rather a network of capillaries in which the direction of 
flow varies almost continually. This strongly suggests 
a microcirculatory regulation that does not affect the 
overall level of organ perfusion. 


FIGURE 3. Capillary after immersion fixation. The vessel is partly open 


and it is somewhat distant from the myocardial cells. Next to the vessel 


lies a satellite cell showing a very long extension (X9,000, reduced by 
27 percent.) 
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The Mechanism of Vasomotion 


In spite of the prevailing ignorance concerning which 
vascular structure regulates flow we can probably agree 
on the compromise that the regulating mechanism acts 
on rather small vessels. However, the nature of this 
mechanism is in itself a controversial issue. The excel- 


«lent correlations between myocardial oxygen con- 


r 


sumption and coronary blood flow and between the 
generation and maintenance of left ventricular pressure 
suggest a link between the elementary energy-trans- 
ducing process at the level of the sarcomere on the one 
hand and small vessel tone on the other. Because these 
correlations hold for the isolated blood-perfused heart 
as well as for the isolated heart perfused with salt so- 
lutions containing glucose and pyruvate, the regulation 
of coronary blood flow appears to be totally dominated 
by myocardial metabolism. Although Feigl showed that 
sympathetic stimulation produces coronary vasocon- 
striction and that parasympathetic stimulation pro- 
duces vasodilatation, these responses occur under 
physiologic conditions masked by the overriding effects 
on cardiac metabolism. It is not known whether auto- 
nomic influences can, under pathologic conditions, 
override the metabolic regulation. The link between 
myocardial metabolism and small vessel tone is also not 
firmly established. A comprehensive theory by Berne’ 


FIGURE 4. A small arteriole after immersion fixation shows a partly 
occluded lumen with a bulging endothelial nucleus (X 13,800, reduced 
by 32 percent.) 
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states that the link between cardiac metabolism and — 
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vascular tone is established by adenosine. Adenosine is _ 
a good candidate for a regulatory transmitter for three 


reasons: (1) It is a potent coronary vasodilator; (2) it is 


a breakdown product of adenosine triphosphate (ATP); — i 
and (3) it can leave the myocardial cell and can thereby 


act on small neighboring blood vessels. 


The difficulties with this theory are severalfold: It is 3 ; 


unlikely that physiologic regulation of flow necessitates 


breakdown of ATP to adenosine at the level of the sar- _ à 


comere or of the mitochondria because adenosine is 


likely to be destroyed during the passage through the z 


cytosol owing to the presence of the inactivating enzyme 
adenosine deaminase. If the adenosine stems froma 
sarcolemmal ATP compartment this obstacle is by- 


passed but there is no longer a direct link between the 
generation of force and vascular tone. Kiibler® and 


Olsson? postulated that adenosine, which does rapidly a 
accumulate at the onset of ischemia, may stem from | 
cyclic adenosine monophosphate (AMP), and Schaper ~ 


et al.!° described a perivascular “satellite-cell” that is 
biochemically equipped to produce adenosine. This _ 
satellite cell also possesses long extensions that protrude 


deep between myocardial cells and that may function 
as samplers of oxygen availability. 


These latter two hypotheses are still firmly based on a 


Berne’s hypothesis’; they differ only slightly as to the 


origin of the vasodilating adenosine. Arguments against — 
the adenosine hypothesis are that adenosine cannot be — 
formed in the presence of ATP and adenosine diphos- — 
phate (ADP), which inhibit the enzyme 5’ nucleotidase. — 


The argument is not entirely conclusive because the 


sarcolemmal ATP or cyclic AMP concentration may be 


below the inhibiting concentration. The fact that ami- 
nophylline and caffeine and its derivatives block the 


action of exogenous adenosine cannot be used as evi- 


dence that endogenous adenosine is not responsible for — 
regulation of coronary flow. Recently a more “modern” — 


class of chemicals, the prostaglandins, has been dis- 


cussed as a possible regulator of coronary blood flow, but — j 
conclusive evidence is missing. Our continual hope that _ 


the currently fashionable class of compounds will solve 


our problems is a very strong reflection of our igno- — 


rance. 


Conclusions: Summarizing, we confess that we do ~ 
not know with absolute certainty which type of vascular — 
structure regulates coronary blood flow. Equally vague 
is our knowledge regarding the coupling between myo- 
cardial metabolism and coronary blood flow as wellas 


the mechanism of smooth muscle relaxation. We tend _ 
to believe that two vascular structures are responsible _ 


for the regulation of blood flow: Arterioles probably 


regulate overall blood flow, and precapillary and per- 


haps also capillary structures are probably responsible 


for the efficient distribution of blood flow on the mi- 


crocirculatory level. The close correlation between = 
myocardial metabolism and coronary blood flow is very 


suggestive for a metabolite of energy transduction. 
Adenosine, after all, is not a bad candidate. 
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FD-31P THREE CHANNEL SYSTEM 
'ECG/PHONO/PULSE 


A three channel direct writing system for simulta- 
neous recording of three channel ECG or any 
combination of multi Phono/Pulse/ECG data. The 
system retains all the standard features of 3-chan- 
nel ECG with the added provisions of simultaneous 
Heart Sound, ECG and Pulse Wave recording. The 
FD-31P employs a special envelope detection 
method and includes the most advanced galva- 
nometer design providing optimum resolution of 
diagnostic information. Electrical safety is attained 
by floating input amplifiers. 


$3950.00 





FJC-7110 “MINI-EGG’ SERIES PORTABLE, COMPACT, LIGHT- 
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AC Model 115/220V ac for line operation, $895.00 


DC Model battery operated, includes set of “D” cell 
batteries, $860.00 


AC/DC Model 115/220V ac and interchangeable “D” 
cell Battery Pack, $945.00 


OPTIONS: 


RBPP-1 Interchangeable rechargeable Battery Power 
Pack including built-in recharges, fits all models, 


*Models include all standard accessories. 





Other available products: 

m Two Channel Electrocardiograph (FD-20) m Two Channel Phono, ECG, or Pulse (DP-2S) 
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m Three Channel ECG (DU-3S) @ Monitor Oscilloscope (MS-10) 
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Diagnostic of Hyperlipidemia 


Chylomicron 


Cholesterol 
tnglyceride 
phospholipid 
protein 


Medical artist's interpretation of lipoprotein molecules 
Lipoproteins are pictured in perspective and do not reflect actual 


size relationships. These are shown in diagram at right 








‘and the anesor vehicle” 
Since fats are insoluble in water, 
they must link up with protein to remain 
dispersed in the blood. The lipoprotein 
molecules thus formed allow lipid 
-Substances — cholesterol, triglycerides, 
‘phéspholipids—to travel freely in a 
soluble form through the bloodstream 
for use as structural building blocks and 
sources of energy. The four major 
es of lipoprotein, consisting of 
varying amounts of lipids (the “‘cargo”) 
and protein (the ‘transport vehicle”) 
are chylomicrons, very low density lipo- 
proteins (VLDL), low density lipoproteins 
(LDL), and high density lipoproteins 
(HDL). [See medical artist's interpreta- 
tion at left.) The relative size of these 
lipoprotein molecules, based on meas- 
urement of flotation rates via ultracen- 
trifugation, is shown below. 
, SCHEMATIC RELATION OF SIZE TO FLOTATION RATE (S4) 


©) 0-20 


(=) 20-400 


S¢ 400 and above 












Abnormalities in the production 
and/or degradation of these lipopro- 
teins can lead to excessive accumula- 
tions of cholesterol and/or triglycerides 
in the serum. These elevations in serum 


lipids, in the absence of underlying 
causative disease, are diagnostic of 
hyperlipidemia. 


At 
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Results in 7 patients with hypercho! lesterolemia r 
Mean Difference mg % 


a rational approach 
to the management of 
hyperlipidemia 

Reducing elevated lipid levels is 
a rational therapeutic goal at any point 
in the hyperlipidemic process—but is 
perhaps most logical in the early stage. 
This is the stage when most patients 
are asymptomatic, yet routine choles- 
terol and triglyceride determinations 
will disclose that nevertheless they 
are hyperlipidemic.’ 

lf persistent, clinically significant 
lipid elevations are demonstrated — and 
underlying disease states are ruled out 
through history, physical examination, 
and appropriate laboratory tests—a 
diagnosis of primary hyperlipidemia 
is confirmed. 

Dietary modification directed at 
correcting the specific lipid abnor- 
mality should be instituted as the first 
therapeutic step, but it often fails to 
lower the lipids sufficiently. 

This is the best time to add 
ATROMID-S, an antilipidemic agent, 
to the regimen. Early, effective, and 
continuous lipid lowering is important 
in the successful management of hyper- 
lipidemia. 


When diet alone is not 
enough, Atromid-S can 
further reduce elevated 


serum lipids 

As an adjunct to diet and other 
measures, ATROMID-S depresses levels 
of both the very low density lipoproteins 
(S; 20-400) and the low density lipo- 
proteins (S; 0-20), with an apparently 
greater effect on the former. The re- 
sult of these actions is a reduction in 
elevated serum cholesterol (particularly 
the cholesterol carried by LDL) and/or 
triglycerides. 


AN IMPORTANT NOTE: It has not been estab- 
lished whether the drug-induced lowering of 
serum cholesterol or lipid levels has a detri- 
mental, beneficial, or no effect on the morbidity 


or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required be- 
fore current investigations will yield an answer 
to this question. 





Brand of 


san adjunct to diet 


tromid-S 


clofibrate 


- Helps reduce elevated serum levels of 





ATROMIDS-S Lowers Triglycerides 
Significantly Better Than Diet Alone 
Results in 7 patients with hypertriglyceridemia 
Mean Difference mg %* 


Contr 876 mg% 


*Adapted from Brown, H.B., et a/.? 


Continuous therapy and 
constant dosage essential 


to long-term control 

Lipid lowering is sustained as 
long as ATROMID-S treatment is uninter- 
rupted. However, if the drug is stopped, 
lipid levels may return to or above pre- 
treatment levels. 

ATROMID-S is effective in a 
simple, well-accepted regimen. Initial 
and maintenance dosage is 2 g daily, 
in divided doses. Some patients may 
respond to a lower dosage. 


IF GIVEN IN CONJUNCTION WITH ANTI- 
COAGULANTS 

WARNING: CAUTION SHOULD BE EXERCISED 
WHEN ANTICOAGULANTS ARE GIVEN IN CON- 
JUNCTION WITH ATROMID-S. THE DOSAGE OF 
THE ANTICOAGULANT SHOULD BE REDUCED 
USUALLY BY ONE-HALF (DEPENDING ON THE 
INDIVIDUAL CASE) TO MAINTAIN THE PRO- 
THROMBIN TIME AT THE DESIRED LEVEL TO PRE- 
VENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVIS- 
ABLE UNTIL IT HAS BEEN DEFINITELY DETER- 
MINED THAT THE PROTHROMBIN LEVEL HAS 
BEEN STABILIZED. 






cholesterol and/or triglycerides 


See last page of this advertisement for prescribing information. l 














Atromid AS (clofibrate 
Helps reduce elevated 


serum levels of cholesterol 
and/or triglycerides 





BRIEF SUMMARY 

(For full prescribing information, see package circular.) 

ATROMID-S® Brand of clofibrate 

Antilipidemic agent for reduction of elevated serum lipids 

INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
fespond adequately to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate ap- 
pears to have a greater depressant effect on the very low density lipoproteins (S+ 20- 
400) rich in triglycerides than the low density lipoproteins (S¢ 0-20) rich in cholesterol 


ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum asso- 


ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate 


It has not been established whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question 


CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate 


Itis contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk 


It is contraindicated in patients with clinically significant hepatic or renal dysfunction 


It is contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED 


Strict birth control procedures must be exercised by women of childbearing potential. In 
patients who plan to become pregnant, clofibrate should be withdrawn several months 
before conception. Because of the possibility of pregnancy occurring despite birth control 
precautions in patients taking clofibrate, the possible benefits of the drug to the patient 
must be weighed against possible hazards to the fetus 


Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans is not known at this time, it can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
respond adequately to dietary intervention 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
control serum lipids with appropriate dietary regimens, weight loss in obese patients, 
control of diabetes mellitus, etc 

Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should be obtained during the first 
few months of ATROMID-S administration, and periodic determinations thereafter. The 
drug should be withdrawn after three months if response is inadequate. However, in the 
case of xanthoma tuberosum, the drug should be employed for longer periods (even up to 


° onejyear) provided that there is a reduction in the size and/or number of the xanthomata 


+ 
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Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal’ variations of 
serum cholesterol peak elevations in midwinter and late summer and decreases in fall and 
spring. If the drug is discontinued, the patient should be placed on an appropriate 
hypolipidemic diet, and his serum lipids should be monitored until stabilized, as a rise in 
these values to or above the original baseline may occur. 


g 
During clofibrate therapy, frequent serum transaminase determinations and other liver 
function tests should be performed since the drug may produce abnormalities in these 
parameters. These effects are usually reversible when the drug is discontinued. Hepatic 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 
those patients with a past history of jaundice or hepatic disease 


Clofibrate may produce “flu like” symptoms (muscular aching, soreness, cramping Y 


physician should differentiate this from actual viral and/or bacterial disease 


Use with caution in patients with peptic ulcer since reactivation has been reported 
Whether this is drug-related is unknown 


Complete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate 


Various cardiac arrhythmias have been reported with the use of clofibrate 


Several investigators have observed in their studies that clofibrate may produce a de- 
crease in cholesterol linoleate but an increase in palmitoleate and oleate, the latter being 
considered atherogenic in experimental animals. The significance of this finding is un- 
known at this time 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness; 
skin rash, urticaria, and pruritus; dry brittle hair, and alopecia 


The following reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 

Increased or decreased angina 

Cardiac arrhythmias 

Both swelling and phlebitis at site of xanthomas 
Dermatologic 

Skin rash 

Alopecia 

Allergic reaction including urticaria 

Dry skin and dry brittle hair 

Pruritus 


Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 


Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested “allergic 
reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 

Myalgia (muscle cramping, aching, weakness) 

“Flu like” symptoms 

Arthralgia 
Neurologic 

Fatigue, weakness, drowsiness 

Dizziness 

Headache 
Miscellaneous 

Weight gain 

Polyphagia 
Laboratory Findings 

Abnormal liver function tests as evidenced by increased transaminase (SGOT and 

SGPT), BSP retention, and increased thymol turbidity 

Proteinuria 

Increased creatine phosphokinase 

Reported adverse reactions whose direct relationship with the drug has not been 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomastia, 
thrombocytopenic purpura. 
DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage. 
Maintenance: Same as for initial dosage 
Note: In children, insufficient studies have been done to show safety and efficacy 
ORUG INTERACTIONS: Caution should be exercised when anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced 
usually by one-half (depending on the individual case) to maintain the prothrombin time at 
the desired level to prevent bleeding complications. Frequent prothrombin determina- 
tions arè advisable until it has been definitely determined that the prothrombin level has 
been stabilized 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdos- 
age, should it occur, symptomatic supportive measures should be taken 


HOW SUPPLIED: ATROMID-S—No. 243—Each capsule contains 500 mg clofibrate, in 
bottles of 100 


and Page, |. H.: Clin. Pharmacol. Ther. 17:171 (Feb.) 1975. 
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AS SIMPLE AS 
BLACK AND WHITE 


... With a new dry process 




























The heart of the Irex System Il consists of a completely new medical si 
instrumentation recorder which produces instant, dry, permanent, high — 
resolution black and white records. i 


Irex System Il features: a 


*Uitra high resolution for superb echoes. 

*Fully diagnostic phono and pulse channels. 

*Selectable recording speeds of 5, 10, 25, 50, 75, 100 and 200 roi 
*Large screen, long persistence monitor. 2 
*Linearity of better than one percent over the full chart width. ‘a 


Irex System Il has been engineered for optimum serviceability. Modular | 
electronic and mechanical components of the system are readily 4 
accessible for ease of adjustment or replacement. $: 


A om 
i IREX MEDICAL SYSTEMS 4 

3 Executive Offices and Plant ‘a 
114 Pleasant Avenue = 

Upper Saddle River, NJ 07458 J 


Call (201) 327-5900 for the name of 
your local Irex Sales Representative. 


SERVICE REPRESENTATIVES LOCATED 
THROUGHOUT THE U.S.A. 


*trex System Il Recorder, 
Monitor and Echo | 
echocardiograph with 
built-in diagnostic ECG. 
Prices subject to change 
without notice. > = 
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How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 
a leading medical center show 
you how to use the most current 
chemotherapeutic agents 


a A SYNOPSIS OF 


wne (ancer 





emotherapy- 


_ Atlast a way to keep up with the bewildering prolifera- 
| tion of new chemotherapeutic drugs which have 


_ come into use relatively recently. This just published 


guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 


cist, and nurse oncologist. 
| ASYNOPSIS OF CANCER CHEMOTHERAPY is a 


- concise, readily understandable “how to” manual. 


| Developed originally for staff use at The New York 


Hospital-Cornell Medical Center, the concept proved 


So successful it was decided to make it available to 


munan 


E drugs: Clinical Professor of Medicine, Cornell University Medical 
_ © Structure 


‘The chemotherapeutic agents in 


other professionals. The new users of the SYNOP- 


| SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 


work-book style to keep reading time to a minimum. 


The reader can quickly find the 


following for both commercially 


i i i RICHARD T. SILVER, MD, F.A.C.P., F.A.B.C.O. 
Bapien le. and. investigational Chief, Oncology Service, Div. Hematology-Oncology, 


College, Attending Physician, New York Hospital, Exec. 
Officer, Cancer & Leukemia Group B. 


R. DAVID LAUPER, Pharm. D. 


e Mechanism of Action 
e Pharmacokinetics 


e Toxicity Asst. Director for Education and Information, Pharmacy 
Dept., New York Hospital-Cornell Medical Center. 

e Therapy 

e Availability CHARLES |. JAROWSKI, MD 


pet i The New York Hospital. 
the main listing section cover 


these categories: 

® Alkylating Agents 
© Antimetabolites 
® Mitotic’ Inhibitors 
® Antibiotics 


Use it for 30 days—FREE 


Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div, of Hematology-Oncology, 








Refer to it for chemotherapeutic drug information for a full 
month, Then keep the book only if you want it for permanent 


® Miscellaneous (includes such reference. Otherwise simply return it and owe nothing. You 
drugs as Mithramycin, have nothing to lose and a whole world of valuable life-saving 


á ki in. i] 
Mitotane, etc.) nowledge to gain. Order right now 


pT T e ee ee ee å å e ‘U 


YORKE MEDICAL BOOKS AJC-12/77 
666 Fifth Ave., New York, N.Y. 10019 


YES! Please send me a copy of A SYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 








Payment enclosed, publisher pays shipping cost. 
0 Bill me plus cost of shipping 








Name 


Address 





Clty 3 a oe State Zip 


New York State residents add applicable sales tax 
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MEDTRONIC * 
IMPLANTABLE PULSE GENERATORS A 


INTENDED USES 
Ventricular pacing using an implantable : 


ventricular pulse generator is for long-terQmsmmy 


therapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
heart via the implanted pulse generator/ 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 
cease to function at any time due to lead- 
related problems such as displacement, 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 


LA Mectronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 


MORE XYREL 
_ PACEMAKERS 
AVE BEEN SOLD 
AN ANY OTHER 
LITHIUM BRAND 


r 


THIS 


THE MOST PRI 


There must be a reason. 
Constant Energy, a patented 


Medtronic feature, enables the Xyrel 
sacemaker to provide a relatively 
constant energy to the heart as power 
source voltage decreases 
Constant Rate, another Medtronic 
feature, provides a stable and assuring 
cing rate throughout the effective i 
pacen 
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letes to a predetermined 
j = { —~+ 
el, a gradual rate 
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for pacemaker replacement 
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There are other reasons: the 
small size of the Xyrel pacemaker; its 
round shape, and sensing and EMI 
characteristics 

Equally important is what Medtronic 

With Medtronic, you know that 
years of experience and 
service goes with each and every 


pacemaker 


more than 26 


sf Medtronic 


Helping you help 
the pacemaker patient 


THIUMPACÉMAKEÈ. 





The Evolution 
of Ambulatory EC 
___ Systems. 


ME eS va REE ERT NS ORR 
First Generation Second Generation Third Generatic 
The Dinosaur The Ape The Brain for All I 








Cardiodynamics 





Avionics 
Hitman Medcraft Introducing bie 
Quickscan 
System 
e Single lead, 10/24 hour recorders è Dual lead, 26 hour recorder e DUAL LEAD, 72 hour 
è Manual identification and docu- e Manual identification and docu- e AUTOMATIC READ( 
mentation of abnormal changes mentation of abnormal changes documentation of abı 
in rate and morpho:ogy in rate and morphology changes in rate and n 
e Histograms of rate and e HISTOGRAMS of rat 
morphological changes morphological chang 
e Single purpose system e MULTIPURPOSE sys 


To obtain complete details call tollfree 800/525 
(in Colorado, 773-1144) and ask for the QUICK 
or write to |.M.C., 64 Inverness Drive East, Eng! 
Colorado 80110, and request the QUICKSCAN 





AERE Are 
ONIY TWO 

WAX MATRIX 
SLOW-RELEASE 
KCL TABLETS 


AVAITABLE 





We can only send youone of them. 


FIRST CLASS 
PERMIT NO. 240 
COLUMBUS, OHIO 
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| 

| BUSINESS REPLY MAIL 

| No postage stamp necessary if mailed in the United States 





Postage will be paid by 


WARREN-TEED —— 
Pharmaceuticals Incorporated ners 
582 W. Goodale St. 

Columbus, Ohio 43215 


The other 
slow-release KCL tablet 


KAON-CL TABS 


otassitum chloride 
Controlled Release Tablets 


WHEN COMPLIANCE IS A PROBLEM WITH 
LIQUID KCL, see for yourself how this wax matrix 
potassium chloride tablet minimizes the problems of 
patient compliance. Kaon-Cl Tabs also minimizes GI 
side effects because its controlled release decreases 
the possibility of high localized concentrations of 
KCL. Frequency of small bowel lesions is much less 
with slow-release tablets than with enteric-coated 
tablets. One KAON-CL TABS t.i.d. equals 20 mEq 
potassium chloride. 


BRIEF SUMMARY 


KAON-CL TABS*® (Potassium Chloride) 

Controlled Release Tablets 

Description: Kaon-CL Tabs is a sugar coated (not enteric-coated) tablet containing 
500 mg potassium chloride (equivalent to 6.67 mEq potassium chloride) in a wax 
matrix. This formulation is intended to provide a controlled release of potassium from 
the matrix to minimize the likelihood of producing high localized concentrations of 
potassium within the gastrointestinal tract. 

Indications: Kaon-CL Tabs is indicated for the treatment of potassium depletion in 
patients with hypokalemia and metabolic alkalosis, and for the treatment of digitalis 
intoxication. During therapy soumi ee levels should be monitored and the 
dosage titrated to achieve he desired clinical and laboratory effects. Kaon-CL Tabs is 
also indicated for the prevention of potassium etion when the dietary intake of 
potassium is inadequate for this purpose. The prophylactic administration of potassium 


Coas 


ion may be indicated in patients receiving digitalis and diuretics for the treatment of ®, 
congestive heart failure, tic cirrhosis with ascites, patients with h; ension on 
long-term diuretic teap, dosteronism states with normal renal function, the 
nephrotic syndrome, certain diarrheal states. 

Contraindications: Potassium supplements are contraindicated in patients with 
hyperkalemia since a further increase in serum potassium concentration in such patients 
can luce cardiac arrest. Hyperkalemia may complicate any of the following 
conditions: Chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or 
the administration of a potassium-sparing diuretic (e.g., spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have luced esophageal ulceration 
in certain cardiac patients with esophageal ion due to oe left atrium. 
Potassium supplementation, when indicated in such patients, should be with a liquid 
preparation. 

Warnings: In patients with a pe mechanisms for excreting potassium, the =a 
administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but may 
also occur in patients given potassium orally. Potentially fatal hyperkalemia can 

develop rapidly and be asymptomatic. The use of potassium salts in patients with chronic 
renal disease, or any other condition which impairs potassium excretion, requires par- 
ticularly careful monitoring of the serum potassium concentration and appropriate 
dosage adjustment. 

Hypokalemia should not be treated by the concomitant administration of potassium 
salts and a potassium-sparing diuretic (e.g., spironolactone or triamterene) since the 
simultaneous administration of these agents can produce severe hyperkalemia. 

Potassium chloride tablets have luced stenotic and/or ulcerative lesions of the 
small bowel and deaths. These lesions are caused by a high localized concentration of 
potassium ion in the region of a rapidly dissolving tablet, which injures the bowel 
wall and thereby produces obstruction, hemorrhage, or perforation. Kaon-CL Tabs 
(potassium chloride) is a wax-matrix tablet formulated to provide a controlled rate of 
release of potassium chloride and thus to minimize the possibility of a high local 
concentration of potassium ion near the bowel wall. While the reported requency of 
small bowel lesions is much less with wax-matrix tablets (less than =a 100,000 
patient-years) than with enteric coated ium chloride tablets (40-50 per 100,000 
patient-years), a few cases associated with wax-matrix tablets have been reported. These 
data are from foreign marketing experience. Kaon-CL Tabs should be discontinued 
immediately and the possibility of bowel obstruction or perforation considered if severe 
vomiting, eikonal pain, distention, or gastrointestinal bleeding occurs. 

Hypokalemia in patients with metabolic acidosis should be treated with an alkaliniz- 
ing potassium salt such as potassium bicarbonate, potassium citrate, potassium acetate, 
or potassium gluconate. 

Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potassium 
depletion. In interpreting the serum potassium level, the physician should bear in mind 
that acute alkalosis per se can produce hypokalemia in the absence of a deficit in total 
body potassium, while acute acidosis per se can increase the serum potassium concen- 
tration into the normal range even in the presence of a reduced total body potassium. 
The treatment of potassium depletion, icularly in the presence of cardiac disease, 
renal disease, or acidosis, requires careful attention to acid-base balance and aj iate 
monitoring of serum electrolytes, the electrocardiogram, and the clinical status 

the patient. 

Adverse Reactions: The most common adverse reactions to oral potassium salts are 
nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are due to 
irritation of the gastrointestinal tract and are best managed by diluting the preparation 
further, taking the dose with meals, or reduca the dose. 

The most severe adverse effects are hyperkalemia (see Contraindications, Warnings 
and Overdosage) and gastrointestinal obstruction, bleeding or perforation (see 
Warnings). 

Overdosage: The administration of oral potassium salts to with normal excre- 
tory mechanisms for potassium rarely causes serious hyperkalemia. However, if excretory 
mechanisms are impaired or if potassium is administered too rapidly intravenously, 
potentially fatal hyperkalemia can result (see Contraindications Warnings). It is 
important to recognize that hyperkalemia is usually asymptomatic and may be mani- 
fested only by an increased serum potassium concentration and characteristic electro- 
cardiographic cl es (peaking of T-waves, loss of P-wave, depression of S-T segment, 
and prolongation of the QT interval). Late manifestations include muscle-paralysis 

and cardiovascular collapse from cardiac arrest. 

Caution: Federal law prohibits dispensing without prescription. 
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Office Address 
> City. State Zip 
Signature : 
WARREN-TEED 
PHARMACEUTICALS INCORPORATED 
COLUMBUS. OHIO 43215 
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Please send starter samples of 
KAON-CL TABS? (potassium chloride) 
Controlled Release Tablets 











~ You are lochirng 
at the dissolution of 
a thrombus. 


Timerequired: 72 hours or less. 
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Introducing the first thrombolytic agent 
for objectively diagnosed deep venous thrombi 
and acute massive pulmonary emboli. 


Hoechst-Roussel Pharmaceuticals Inc. 


Announces 


treptase 


(streptokinase) IV. 


Now... anew alternative to surgery... 





e avoids the risks associated with thrombectomy. 


e reduces the need for high-risk pulmonary 
embolectomy. 


Artist’s conception of thrombolysis. 





a 


[Oo lyse venous tnromp! ana 
gulmonary emboli—intrave- 


ious Streptase’ (streptokinase). 


Anfcoagulant therapy is given 
following Streptase to prevent 
‘ethrombosis. 


*Now physicians have available a 
nedical therapy for the early clearance 
if deep venous thrombi that is prefer- 
ible to thrombectomy because it may 
reserve valvular function and avoid 
hronic stasis, although long-term bene- 
its have not been established. And 
icute massive pulmonary emboli may 
e cleared without high-risk embolec- 
omy. 


\ unique mode of action 

New Streptase is the highly puri- 
ied form of streptokinase, a bacterial 
2rotein derived from B-hemolytic strep- 
ococci. It combines with plasminogen 
o form an activator complex that con- 
rerts residual plasminogen into the 
roteolytic enzyme plasmin. Plasmin 
vydrolyzes fibrin into polypeptides. 


digh rate of clinical 
success demonstrated by 
angiography: 


n patients with venous thrombosis 





During 


In comparative controlled studies 
of 78 patients with venous thrombosis, 
3treptase produced complete or sig- 


niticant clearing oT tne Tnromposis In 
54% of patients while only 7% on 
conventional heparin therapy showed 
similar results. 


In patients with pulmonary embolism 





In studies of 124 patients with pul- 
monary embolism, complete or signifi- 
cant clearing was seen in 66% of the 
patients on Streptase but in only 11% 
of the heparin-treated patients. 


Table | 
Comparative angiographic results during 
controlled investigations* 























Venous Thrombosis Pulmonary Embolism 

Results Streptase Heparin Streptase Heparin 

(37 patients) | (41 patients) | (36 patients) | (88 patients) 
Complete T ae 
clearing 22% 5% 22% 5% 
Significant, 
but incomplete, 32% 2% 44% 6% 
clearing 
Minimal 21% 20% 20% 43% 
clearing 2 > ” a 
No change 22% 66% 14% 35% 
Worse 3% 7% 0% 11% 














In most cases, clearance was achieved in 72 hours or less. 


For best results, Streptase should be used within 2 weeks 
after onset of venous thrombosis symptoms and within 5 days 
after onset of pulmonary embolism symptoms. Please see 
last page of this advertisement for a brief summary of pre- 
scribing information. 


*Data on file and available on request from Hoechst-Roussel 


Pharmaceuticals Incorporated. Pulmonary embolism data 
include those taken from National Heart and Lung Institute 
study. 





INFOMVOGSIS ANU Mryumpvporysis 
information available 


When considering the use 
of Streptase (streptokinase), 
comprehensive knowledge of 
prescribing information and 
strict observance of the contra- 
indications, warnings, precau- 
tions, and dosage and adminis- 
tration instructions are most im- 
portant to minimize the incidence 
and severity of adverse reac- 
tions, the most significant and 
frequent being fever, allergy 
and bleeding. Use of Streptase 
requires an interdisciplinary 
effort and therefore should be 
reserved for those hospitals with 
facilities for angiography, co- 
agulation testing and volumetric 
or syringe pump administration 
of Streptase intravenously. 

Hoechst-Roussel has pre- 
pared a comprehensive educa- 
tional program on thrombosis 
and thrombolysis that includes 
two films, associated mono- 
graphs, dosage and administra- 
tion guidelines and a Speakers 
Bureau of physicians experi- 
enced in the use of thrombolytic 
therapy. 

For information, interested 
physicians may contact Scientific 
Services, Room 236, Building M, 
Hoechst-Roussel Pharmaceuticals 
Inc., Somerville, New Jersey 
08876, (201) 685-2611, or the 
local Hoechst-Roussel Sales Rep- 
resentative. 

For a complete list of indi- 
cations, contraindications, warn- 
ings, precautions, adverse re- 
actions and dosage information, 
please refer to the full prescrib- 
ing information for Streptase, 

a summary of which appears on 
the following page. 


HOECHST-ROUSSEL 
ka PHARMACEUTICALS INCORPORATED 
L SOMERVILLE, NEW JERSEY 08876 


1 06 A 





Streptase’ 


(streptokinaseé IV 


Brief Summary of the 
Prescribing Information 


Streptase® (streptokinase) should only be used 
by physicians with wide experience in the 
management of thrombotic disease in hospi- 
tals where the recommended clinical and lab- 
oratory monitoring can be performed. The full 
prescribing information should be read for 
complete details. 

When considering treatment with Streptase® 
(streptokinase) the overall clinical status and 
history of the patient should be carefully as- 
sessed. The hemostatic capability of the pa- 
tient is more profoundly altered and bleeding 
more frequent with Streptase® (streptokinase) 
therapy than with heparin or oral coumarin 
compound anticoagulant therapy. When bleed- 
ing occurs it is also more severe and more dif- 
ficult to manage. The potential risk of serious 
hemorrhage relative to such factors as age, 
physical condition, and underlying bleeding 
tendency of the patient should be weighed 
against the potential benefits of treating the 
patient with Streptase® (streptokinase). 


Indications 


Pulmonary Embolism: Streptase® (strep- 
tokinase) is indicated in adults for the lysis of 
acute massive pulmonary emboli, defined as 
obstruction or significant filling defects involving 
two or more lobar pulmonary arteries or an 
equivalent amount of emboli in other vessels. 
It may also be indicated for embolization 
accompanied by unstable hemodynamics. The 
diagnosis should be confirmed by objective 
means. Streptase® (streptokinase) treatment 
should be instituted as soon as possible after 
onset of symptoms and no later than five days 
after onset. Reduction of morbidity or mortality 
has not been established. 


Deep Vein Thrombosis: Streptase® (strepto- 
kinase) is indicated for lysis of acute, extensive 
thrombi of the deep veins in adults. Diagnosis 
should be confirmed by objective methods. 

Streptase® (streptokinase) should be adminis- 
tered as soon as possible after the onset of the 
thrombotic event (preferably within several 
days), although slight enhancement of clot lysis 
has been shown with initiation of therapy up to 
two weeks after the onset of symptoms. 


Contraindications 

Predisposition to Bleeding: Because thrombolyt- 
ic therapy increases the risk of bleeding, Strep- 
tase® (streptokinase) is contraindicated when 
the following conditions exist: surgery within 10 
days, liver or kidney biopsy within 10 days, 
intraarterial diagnostic procedure within 10 
days, ulcerative wound, recent trauma, visceral 
carcinoma, parturition (within 10 days), ulcera- 
tive colitis or diverticulitis, hypertension, liver or 
kidney disease, thrombocytopenia or other evi- 
dence of defective hemostasis, active tuber- 
culosis, subacute bacterial endocarditis, gas- 
trointestinal bleeding within 6 months. 


Predisposition to Allergy: Streptase® (strep- 
-tokinase) is contraindicated in patients with a 
history of a previous severe allergic reaction to 
Streptase® (streptokinase) or who present a 
significant risk of an allergic response. 


Recent Cerebral Embolism, Thrombosis, or 
Hemorrhage: Treatment with Streptase® (strep- 
tokinase) is contraindicated for at least two 
months. 


Predisposition to Systemic Infection: Use of 
Streptase® (streptokinase) in septic throm- 
bophlebitis may be hazardous because of the 
risk of inducing systemic infection. 

Warnings 

Bleeding: Activation of the fibrinolytic system 
with Streptase® (streptokinase) results in a 
more profound alteration of the hemostatic 
status of the patient than does anticoagulant 
therapy. Although the aim of Streptase® 
(streptokinase) therapy is the production of 
sufficient amounts of plasmin for lysis of 
intravascular deposits of fibrin, other fibrin 
deposits are also destined for lysis and bleed- 
ing may result. The possibility of bruising or 
hematoma formation especially with 
intramuscular injections is high. 

Bleeding at sites of recent invasive proce- 
dures may occur. Should an arterial puncture 
be absolutely necessary, the femoral artery 
must be avoided and the radial or brachial ar- 
tery used. Also, invasive venous procedures 
should be performed as carefully and in- 
frequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be 
continued with appropriate clinical observations. 

Spontaneous bleeding from internal sites may 
also occur. 

Should serious spontaneous bleeding occur, 
the infusion of Streptase® (streptokinase) 
should be terminated immediately. 

In addition to its fibrinolytic action, plasmin 
also degrades fibrinogen, Factor V, Factor VIII, 
and other proteins. These products possess an 
anticoagulant effect and should be monitored 
by serial thrombin time determinations. 


Predisposition to Cerebral Embolism: Treatment 
with Streptase® (streptokinase) of patients with 
conditions in which there is possible risk of 
cerebral embolism may be hazardous because 
of the risk of bleeding into the infarcted area. 


Allergy: Streptase® (streptokinase) is antigenic, 
thus, allergic reactions including anaphylaxis 
may occur. 

Recipients of Streptase® (streptokinase) 
should be observed carefully during the first few 
hours of therapy. Patients with known allergies 
to other antigens are more likely to react. If sig- 
nificant changes in blood pressure or asthmatic 
symptoms occur which might be due to allergy, 
the infusion should be terminated and symp- 
tomatic treatment employed. 

Other mild allergic manifestations have also 
been observed but generally are not serious 
enough to require discontinuation of therapy. 


Use of Anticoagulants: Concurrent use of an- 
ticoagulants with Streptase® (streptokinase) is 
not recommended and may be hazardous. A 
thrombin time of less than twice the normal 
control value is adequate for starting Streptase® 
(streptokinase) infusions safely following the use 
of heparin. Heparin should not be started fol- 
lowing Streptase® (streptokinase) therapy until 
the thrombin time has returned to less than 
twice the normal control value. 

In order to minimize rethrombosis, the use of 
intravenous heparin followed by oral anticoagu- 
lant therapy is considered a necessary adjunct 
following Streptase® (streptokinase) therapy. 


Use in Pregnancy and in Children: Streptase® 
(streptokinase) therapy during pregnancy and in 
children is not recommended. 


Precautions 


If the patient's history gives rise to suspicion of 
elevated resistance, the streptokinase resistance 
test should be used to determine the proper 
loading dose. When resistance levels in excess 
of 1.000.000 I.U. are found. Strentase® (stren- 


tokinase) should not be administered. á 
Streptase® (streptokinase) infusions havę~ # 

been associated with altered platelet function. 

Concurrent use of drugs that may potentXe 

this effect should be avoided. 

Adverse Reactions 


Incidence and Management 


Bleeding: Severe spontaneous bleeding hd&S 
been documented in 6 of 292 patients during 
Streptase® (streptokinase) treatment. Several 
fatalities due to cerebral hemorrhage have oc- 
curred during Streptase® (streptokinase) i 
therapy. Less severe spontaneous bleedfg has 
been observed during Streptase® (strepto- 
kinase) treatment at approximately twice the 
frequency as that occurring during heparin 
therapy. In several instances, spontaneous 
bleeding has been traced to concomitant an- 
ticoagulant treatment which is not recom- 
mended. 


Management of Severe Bleeding: Streptase® 
(streptokinase) therapy must be discontinued. | 
very rapid reversal of the fibrinolytic state is re- 
quired, treatment with aminocaproic acid 
(EACA) can be instituted. 

Plasma volume expanders are indicated to 
replace blood volume deficit. If blood loss has 
been large, Red Blood Cells (Human) may also 
be indicated. If only Whole Blood (Human) is 
available, it may also be used. 


Allergic Reaction 


Incidence: Reactions determined to represent 
possible anaphylaxis have been observed in 7 
of 292 patients treated with Streptase® (strep- 
tokinase). These ranged in severity from minor 
breathing difficulty to bronchospasm, periorbita 
swelling, or angioneurotic edema. Other milder 
allergic effects have been observed in approx- 
imately 12% of patients. There was no apparen’ 
relationship to dosage. 

Management of Allergic Reactions: Mild and 
moderate reactions may be managed with con- 
comitant antihistamine and/or corticosteroid 
therapy. Severe allergic reactions require im- 
mediate discontinuation of Streptase® (strep- 
tokinase), with corticosteroids administered 
intravenously as required. 


Fever 


Incidence: One-third of patients treated with 
Streptase® (streptokinase) have shown in- 
creases in body temperature of 1.5°F or more; 
the incidence of fever=104°F was 3.4%. 
Management: Symptomatic treatment is usually 
sufficient to alleviate discomfort. The use of 
acetaminophen rather than aspirin is recom- 
mended. 


Phlebitis: Phlebitis near the site of intravenous 
infusion of Streptase® (streptokinase) has oc- 
curred in less than 2% of patients. 
How Supplied 
Streptase® (streptokinase) is supplied as a 
lyophilized white powder in 6.5 ml vials (in 
packages of 10) with color-coded labels corre- 
sponding to the amount of purified Streptase® 
(streptokinase) in each vial as follows: 100,000 
IU (yellow), 250,000 IU (green), 750,000 IU (blu 
In each vial there is a 20% overfill above that 
stated on the label. Each vial also contains 
25 mg cross-linked gelatin polypeptides and 
25 mg sodium L-glutamate as stabilizers. 
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The Department of Cardiovascular Diseases—A Functional Concept 


That Has Come of Age 





Dr. Mason 


That there have been tremendous ac- 
complishments in cardiovascular patient 
care over the past two decades comes as 
no surprise to readers of this Journal. 
Furthermore, that the extent and quality 
of this progress have been greater than in 
any of the other disciplines requires no 
emphasis. In addition, these achieve- 
ments have been ‘‘across the board,” 
extending in scope beyond traditional 
clinical and basic departmental lines to 
encompass adult cardiology, pediatric 
cardiology, cardiovascular surgery, car- 
diovascular radiology, nuclear cardiology, 
cardiovascular epidemiology, cardiac 
pathology, cardiac physiology, pharma- 
cology, biochemistry, and so forth. 
These extensive accomplishments, 
coupled with the magnitude of the prev- 
alence of the clinical problem of cardio- 
vascular diseases, have created for the 
cardiovascular specialist new functional 
professional relations and enormous re- 
sponsibilities and challenges in research 


and patient care. Yet these evolutionary 
functional needs of the professional car- 
diovascular community have not been 
accompanied by appropriate (or any) or- 
ganizational changes in the structure of 
major medical institutions. Because of the 
new functional demands placed upon 
modern cardiology, no longer does the 
cardiologist in medical schools and re- 
ferral medical centers relate principally 
to colleagues in the noncardiovascular 
disciplines; instead the modern cardio- 
vascular consortium must necessarily 
work together nearly full-time to accom- 
plish their primary responsibilities despite 
the outmoded traditional organizational 
framework that fails to enhance (and in- 
deed hampers) such essential coopera- 
tion. 

These remarks and frustrations are 
perhaps best understood by the younger 
generation of competent specialists who 
have received the benefit of complete 
training in the specific knowledge and 
skills constituting the many advances of 
the past two decades. These persons 
most appreciate the difficulties in suc- 
cessfully carrying out complex evaluation 
and therapy of a large elective and 
emergency patient load. The result is 
nearly a 24 hour working day, 7 days a 
week. For the academic cardiologist, 
added to these patient care responsibili- 
ties are the duties of medical student, 
house staff, cardiology fellowship and 
postgraduate teaching; the pressures of 
Clinical and basic research; escalating 
committee assignments; and ever-in- 
creasing administrative paperwork, par- 
ticularly where fundamental medical 
school policies are ultimately governed by 
the university campus. All of these duties 
must be accomplished in the face of 
federal, state and institutional fiscal 
ischemia (often infarction); lack of suffi- 
cient clinical fellowship stipend support; 
salary discrepancies among disciplines; 
and the current unfavorable position of 
having to effect solutions with less than 


departmental status. It is little wonder that 
many dedicated and productive cardiology 
faculty members eventually turn to private 
practice for relief of insurmountable 
problems of academia. 

Not all institutions have similar condi- 
tions, but the aforementioned comments 
are not limited to adult cardiology within 
departments of medicine. In general, they 
also apply to pediatric cardiology and to 
cardiac surgery relative to their parent 
departments. Lengthy discussion of these 
matters with several members of the 
College from different institutions resulted 
in what is conceived as a new rational 
approach, the formulation of Departments 
of Cardiovascular Diseases. Such de- 
partments would create the ease of 
functional coordination needed in im- 
proving cardiovascular patient care, afford 
proper organizational representation of a 
united cardiovascular faculty based on 
merit within an institution and provide a 
method for solution of the monetary sup- 
port of cardiovascular programs. In effect, 
a Department of Cardiovascular Diseases 
would balance the expanded responsi- 
bilities of the modern era with the required 
authority to solve efficiently existing 
problems of currently splintered cardio- 
vascular programs on a broad basis 
among ourselves, using our own means 
and self-determined mechanisms. It is 
envisioned that the Department of Car- 
diovascular Diseases would ideally com- 
prise adult and pediatric cardiology, car- 
diovascular surgery, cardiovascular ra- 
diology and nuclear cardiology, cardio- 
vascular epidemiology and rehabilitation, 
hypertension, lipid disorders, cardiac 
pathology and cardiac physiology, phar- 
macology and biochemistry as a naturally 
functioning group with a common mission 
and common goals and objectives. 

This subject is clearly a tender one, and 
the arena for implementing such an 
amalgamation of cardiovascular forces is 
highly charged emotionally. The very 
thought would appear threatening to cer- 
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tain parent departments that desire the 
_ traditional organizational arrangements for 


economic and.related reasons although 
their resistance is usually expressed in 


-different terms. There will be no sponta- 


neous rush by institutional authorities to 


- formulate Departments of Cardiovascular 
_ Diseases; nevertheless, a few forward- 


looking medical schools have at least 


- established Departments of Cardiovas- 
- cular Medicine. But the time has come to 


EIF 


spena 


delineate what many cardiovascular 
specialists want and, moreover, to state 


LP a NN TE 


what is anticipated for the future. 

It should be made entirely clear that the 
teaching of cardiovascular diseases in 
internal medicine and other disciplines is 
recognized and desired as an inherent 
responsibility of a Department of Cardio- 
vascular Diseases. In the case of internal 
medicine, for example, it is untenable that 
a Department of Cardiovascular Diseases 
might downgrade the quality of cardio- 
vascular instruction or be imprudent pol- 
itically. Cooperation is not assured by 
legislation. In contrast, when a multi- 
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faceted specialty such as cardiovascular Ñ 
diseases becomes so complex and broad 
in dimension that by its very nature the 
specialty becomes larger than the other 
departments within the institution, | be- 
lieve that the creation of a Department of 
Cardiovascular Diseases would make the 
original parent departments better and 
improve the quality of teaching, patient 
care and research for all concerned. 

Dean T. Mason, MD, FACC 

President 

American College of Cardiology 


LEARNING CENTER: PROGRAM CALENDAR 


The American College of Cardiology’s newest department, the 
Learning Center, located at the College's Bethesda, Maryland 
headquarters, began operations in October of this year. The 
purpose of the Learning Center is to support the professional 
commitment to quality patient care by providing a new standard 
of excellence in cardiovascular continuing education. Each 
continuing education program is directed toward a specific target 


group including: adult cardiologists (AC), internists (IT), pediatric 
cardiologists (PD), and family practitioners (FP). For additional 
information concerning the programs listed below or for a 
complete schedule of programs through October 1978, contact 
Mary Henry, Program Coordinator, Learning Center, American 
College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014 (301) 897-5400. 





JANUARY 1978 THROUGH MARCH 1978 
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Jan. Pacemaker Therapy: Specific Needs for Optimal 

9-10 Patient Benefits (AC) (IT). Leonard S. Dreifus, MD, 
FACC, director 

Jan. | Cardiac Drugs: Refinements in Use of the Old, As- 

16-17 sessment of the New (AC) (IT). Donald C. Harrison, 
MD, FACC, director 

Feb. Pediatric Cardiology: Clinical-Pathological Correla- 

6-8 tions (PD). William C. Roberts, MD, FACC, director 
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Feb. Difficult to Manage Cardiovascular Problems: The 

20-22 Systematic Approach (FP). Robert S. Eliot, MD, 
FACC, directór 

Feb. 27 Clinical Decision Making in Coronary Artery Disease 

Mar. 1 (AC) (IT). Arthur Selzer, MD, FACC, director 

Mar. Congestive Heart Failure: A Changing Scene? (AC) 

27-30 (IT). Charles B. Mullins, MD, FACC, director 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract — 
gracefully from the obsolete and useless — 
practices. An effective practitioner must learn — 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 4 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals _ 
can be accomplished by all members and — 
nonmember professionals participating in our — $ 
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continuing education programs. 
Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Extramural Programs Department, ; 
Division of Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





DECEMBER 1977 THROUGH MARCH 1978 





1977 


To be Preceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director, Pacific 


individ- Medical Center, San Francisco, 
ually CA 
DEC. Advances in Heart Disease— 


2-4 1978. Dean T. Mason, FACC, di- 
rector. Fairmont Hotel, San Fran- 
cisco, CA 


DEC. Tenth Annual Cardiovascular 

9-11 Symposium: Theory and Practice 
of Cardiology Today. Henry |. Rus- 
sek, FACC, director. Americana 
Hotel, New York, NY 


1978 


JAN. Ninth Annual Cardiovascular 

9-13 Conference in Snowmass. John H. 
K. Vogel, FACC, director and James 
S. Forrester, FACC and Bruce C. 
Paton, FACC, co-directors, Snow- 
mass Resort, Snowmass, CO 


JAN. Fundamentals of Echocardiogra- 

9-13 phic Interpretation. Vincent E. Fri- 
edewald, Jr., director, Kauai Surf 
Hotel, Kauai, HI 


JAN. New Developments in Stress 

20-21 Testing. Myrvin H. Ellestad, FACC, 
William H. Allen, FACC and Robert 
Stuart, co-directors. Memorial 
Hospital Medical Center of Long 
Beach, Long Beach, CA 


FEB. Management of Cardiac Dis- 

3-5 eases— 1978. Robert J. Myerburg, 
FACC and Agustin Castellanos, 
FACC, co-directors. Omni Interna- 
tional Hotel, Miami, FL 


FEB. Advances in the Diagnosis and 

23-25 Therapy of Cardiovascular Dis- 
ease— 1978. John Ross, Jr., FACC, 
Joel S. Karliner, FACC, Ralph 
Shabetai, FACC, Kirk L. Peterson, 
FACC and Allen D. Johnson, FACC, 
co-directors. Hotel del Coronado, 
Coronado, CA 


MAR. Complex Problems in Congenital 

3-4 Heart Disease. Robert M. Sade, 
FACC and Arno R. Hohn, FACC, 
co-directors. Kiawah Island Inn, 
Charleston, SC 


MAR. Twenty-seventh Annual Scientific 

6-9 Session. Dean T. Mason, FACC, 
president. Anaheim Convention 
Center and Disneyland Hotel, Ana- 
heim, CA 
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MAR. 
10-11 


Post Anaheim, California. Sym- — 
posium on Clinical Cardiology. — 
Anthony N. DeMaria, FACC, direc- 
tor. Kauai Surf Hotel, Kauai, HI 


MAR. Electrocardiographic Interpretation _ 

27-31 of Complex Arrhythmias: A Phys- — 
iological Approach. Charles Fisch, 
FACC and Douglas P. Zipes, FACC, — 
directors. Indiana University Medical 
Center, Indianapolis, IN 


MAR. Contemporary Management of 


30- 
APR. 1 


Acute Myocardial Infarction by the _ 
Family Physician. Robert S. Eliot, 
Chairman and Ernie J. Chaney, Alan — 
D. Forker, Harold Kalman and — 
Thomas Nicholas, program com- a 
mittee. Sarasota Hyatt House, Sar- — 
asota, FL 
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NEW MEMBERS 


The following individuals were elected to 

membership in the American College of Car- 

diology on September 26, 1977 in the category 
By indicated. 

FELLOWSHIP 


| AL-BAHRANI, Ihsan R., MB, ChB, Baghdad, 
Iraq 
_ ALIPOUR, Massoud, S., MD, Tehran, Iran 
_ ALLEN, John W., MD, Los Angeles, CA 
| AMBROSI, Christophe A. D., MD, Royat, 
| France 
|: ANDERSON, George A., MD, Jacksonville, 
FL 
"ANDERSON, Robert N., MD, Halifax, Nova 
| Scotia, Canada 
ASPE-Y-Rosas, Julio, MD, Mexico City, Mex- 
ico 
BAIGRIE, Ronald S., MD, Toronto, Ontario, 
Canada 
| BAILEY, Martin T., MD, Birmingham, AL 
"BASU, Debal, MD, Modesto, CA 
BERTRAND, Michel E., MD, Lille, France 
BETHEA, Charles F., MD, Oklahoma City, 
OK 
_ BEZDEK, William D., MD, Bakersfield, CA 
BOUCHARD, Richard J., MD, Baltimore, MD 
_ BOURDARIAS, Jean-Pierre, MD, Boulogne, 
i France 
_ BRENDER, David, MBBS, Sydney, Australia 
6 BUHLER, Alan S., MD, Plantation, FL 
| CHRISTENSEN, Raymond C., MD, Grosse 
| Pointe Woods, MI 
- CODY, Robert M., MD, San Mateo, CA 
_ COLMER, Marc E., MD, Neptune, NJ 
__ CORMAN, Lew Andre, MD, Philadelphia, PA 
COSIO, Francisco G., MD, Madrid, Spain 
CSAPO, George, MD, Bad Krozingen, West 
Germany 
DALY, Benedict D. T., MD, Brighton, MA 
_ DANIEL, Alan, M.D., Milwaukee, WI 
DeOLIVEIRA, Alberto, MD, Rio de Janeiro, 
Brazil 
_ DeOLIVEIRA, Jorge M., MD, Rio de Janeiro, 
Brazil 
_ ESGUERRA, Marcelo R., MD, Quezon City, 
Philippines 
FELDMAN, Ira M., MD, North Miami Beach, 
FL 
FIGUEROA, Peter R., MD, Quezon City, Phi- 
= lippines 
FISCH, Arthur P., MD, Morristown, NJ 
_ GANGADHARAN, Vellappillil, MBBS, Royal 


Oak, MI 
_ GELFAND, Elliot T., MD, Edmonton, Alberta, 
; Canada 
GIROD, Carlos E., MD, Hato Rey, Puerto 
Rico 


GOLDSTEIN, Robert E., MD, Bethesda, MD 
GORDON, Alvin J., MD, New York, NY 
GORDON, Donald G., MD, Downey, CA 

.. GRAHAM, Gary D., MD, Great Lakes, IL 
GREEN, Stanley, MD, Jenkintown, PA 
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HAGOPIAN, Edward R., MD, Wilmington, DE 

HARKINS, Michael J., MD, East Cherry Hill, 
NJ 

HART, Neil J., MD, Cleveland, OH 

HEYNDRICKX, Guy, MD, Gent, Belgium 

HOYT, Thomas W., MD, Albuquerque, NM 

HUSAIN, Akhtar, MB, BS, Marion, OH 

IAMS, William B., MS, Harrisburg, PA 

IZQUIERDO, Pasqual, MD, Cleveland, OH 

JAYAWEERA, Asoka, MBBS, Montclair, CA 

JOFFE, Hymie S., MB, ChB, Cape Town, South 
Africa 

JOHNSON, Michael L., MD, Denver, CO 

KAKO, Kyohei J., MD, Ottawa, Ontario, Can- 
ada 

KEITH, Thomas B., MD, Salt Lake City, UT 

KING, Jerry N., MD, Oak Lawn, IL 

KLIEMAN, Charles H., MD, Lynwood, CA 

KONGTAHWORN, Chamnahn, MD, Des 
Moines, IA 

KOUTRAS, Thoebus, MD, Garland, TX 

KRAUSE, Albert H., Jr., MD, Portland, OR 

KUNTZ, Luiz C. S., MD, Charleston, SC 

LAKSHMIKANTHAN, Chockalingam, MBBS, 
Madras, India 

LAWRIE, Gerald M., MBBS, Houston, TX 

LEAL, Francisco A., MD, Laredo, TX 

LEINBACH, Robert C., MD, Boston, MA 

LEVINE, Phillip, MD, Montreal, Quebec, Can- 
ada 

LEWIS, Alan B., MD, Los Angeles, CA 

LOBE, Sidney, MD, Warrensville Heights, 
OH 

LONG, Edwin T., MD, Natrona Heights, PA 

LUBBE, W. F., MD, Cape Town, South Africa 

MACKENZIE, Bruce R., MD, Halifax, Nova 
Scotia, Canada 

MALM, James R., MD, New York, NY 

MALOWNEY, Robert C., MD, Denver, CO 

MERAV, Avraham D., MD, Bronx, NY 

MISPIRETA, Luis A., MD, Washington, DC 

MISTROT, J. Jacques, MD, Lubbock, TX 

NAIDU, Sriramalu, MBBS, New York, NY 

NEIMAT, Samir R., MB, BCh, Silver Spring, 
MD 

OBEL, Israel W. P., MB, ChB, Johannesburg, 
South Africa 

PANTANO, James A., MD, Allentown, PA 

PARKEY, Robert W., MD, Dallas, TX 

PAVLOVIC, Thomas, MD, St. Louis, MO 

PEREZ-OLEA, Jaime, MD, Santiago, Chile 

PHILLIPS, Daniel F., MD, Cleveland, OH 

RASI, Alfredo L., MD, Loma Linda, CA 

REED, John B., MD, Santa Rosa, CA 

RILEY, Raymon S., MD, Providence, RI 

RINCON, Gustavo, MD, Cleveland, OH 

ROBERTSON, Rose M. S., MD, Baltimore, 
MD 

ROISMAN, Mauricio L., MD, Miami Beach, 
FL 

ROMERO, Thomas E., MD, Cincinnati, OH 

SAAD, Edson A., MD, Rio de Janeiro, Brazil 

SADJADI, Parviz M., MD, Clifton Forge, VA 
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SALISBURY, Kent W., MD, Asheville, NC 
SAMADANI, Siroos, MD, Pittsburgh, PA 
SCHOENFELD, Harris, MD, Encino, CA 
SCHOONMAKER, Fred W., MD, Denver, CO 
SCHUCHMAN, Harvey A., MD, Englewood, 
co 
SEELY, Robert D., MD, New York, NY 
SHELTON, James H., MD, Fort Ord, CA 
SHULMAN, Richard S., MD, Providence, RI 
SHERMAN, Warren T., MD, Danbury, CT 
SKELTON, Charles L., MD, New Orleans, LA 
SMITH, Claude W., MD, Columbia, SC 
SMITH, George L., Jr., MD, Santa Rosa, CA 
SMITH, Michael R., MD, Cincinnati, OH 
SMITHEN, Charles S., MD, New York, NY 
SODHI, Harbhajan S., MBBS, Davis, CA 
SOLETSKY, Harry B., MD, Brookfield, CT 
SOLTANZADEH, Hooshang, MD, Des Moines, 
IA 
SPENCER, Frank C., MD, New York, NY 
ST. CLAIR, Annis F., MD, Memphis, TN 
STONER, John Ill, MD, Phoenix, AR 
TAI, A. Razzack, MD, Darien, CT 
TORPEY, Alfonso, MD, Toluca, Mexico 
TRAVISANO, Frank J., MD, Harrisburg, PA 
TYERS, G. Frank O., MD, Hershey, PA 
ULRYCH, Milos, MD, Jackson, MS 
VARGAS, Abelardo, MD, Miami, FL 
VERA, Zakauddin, MBBS, Davis, CA 
VICTOR, Solomon, MBBS, Madras, India 
WANG, Andreus, MD, Langhorne, PA 
WATSON, Linley E., MD, Columbia, MO 
WILLIAMS, Lewis E., MD, East Meadow, NY 
WILLIAMS, Malcolm B., MBBS, Victoria, British 
Columbia, Canada 
WONG, Hee O., MBBS, Selangor, Malaysia 
WOOLVERTON, William C., MD, Pensacola, 
FL 


ADVANCE TO FELLOWSHIP 


ARTINIAN, Charles G., MD, Birmingham, MI 
BEG, Mirza M. A., MD, Philadelphia, PA 
BUCKLEY, Howard T., MD, Fremont, CA 
CHUGHTAI, Abdul L., MBBS, Des Moines, IA 
DANIELS, Clarke G., MD, San Pablo, CA 
DeSILVEY, Dennis L., MD, Rutland, VT 
ENGLAND, Robert A., MD, Boston, MA 
FIERENS, Enrique E., MD, Grand Rapids, MI 
FRANKLIN, Marshall. MD, Darien, CT 
FOX, William, MD, Chicago, IL 
GOLD, Herman Kalman, MD, Boston, MA 
HANANIA, Daoud, MD, Amman, Jordan 
HARKEN, Alden, H., MD, Philadelphia, PA 
HASTILLO, Andrea K., MD, Richmond, VA 
HOLDER, John T., MD, Bellevue, WA 
HUMPHREY, Chester B., MD, Hartford, CT 
MARLON, Anthony M., MD, Las Vegas, NV 
MATHEW, Puthenpurakal K., MBBS, Roches- 
ter, NY d 
McCALL, David, MB, ChB, PhD, Cincinnati, 
OH 
NAMIN, Ernesto P., MD, Bacolod City, Philip- 
pines 


RA 
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NIGAM, Avinash C., MBBS, Elizabeth, NJ 
e PAHLAJANI, Devkishin, MBBS, Bombay, 
India 
ROSENBERG, Bernard L., MD, Linden, NJ 
ROWEN, Manuel J., MD, Elizabeth, NJ 
RuDUSKY, Basil M., MD, Wilkes-Barre, PA 
RATH, Ranjit K., MD, Cincinnati, OH 
SHOULTZ, Charles A., Jr., MD, Waco, TX 
SELLERS, Dilworth P., MD, Colorado Springs, 
co 
SHAH-MIRANY, Jafar, MD, Evanston, IL 
SHAFER, Nathaniel, MD, New York, NY 
SHAPIRO, Ivan L., MD, Carol Stream, IL 
STRASSER, Thomas, MD, Geneva, Switzer- 
land 
TUCKER, Stanley C., MD, Richmond, VA 
WACHEN, Robert, MD, Ridgewood, NY 
WILLIAMS, James Sanford, MD, La Jolla, 
CA 


ASSOCIATE FELLOWSHIP 


BECKWITH, George H., MD, Pollocksville, 
NC 

BIDDISON, James H., MD, Baltimore, MD 

BLOCH, Winston N., Jr., MD, Atlanta, GA 

_BULLABOY, Charles A., MD, Portsmouth, 

VA 

CABRERA-Bernal, Daniel 1., MD, Mexico City, 
Mexico 

CARVER, Joseph R., MD, Philadelphia, PA 

CHARNO, Steven H., MD, Roslyn Heights, 
NY 

CHRISTIAN, Frederic V., MD, Providence, RI 

COLIN, Clifford D., MD, Miami Beach, FL 

COVARRUBIAS, Edgar A., MD, Washington, 
DC 

CRUZ-VIDAL, Mercedes E., MD, San Juan, 
Puerto Rico 

DJALAY, Ahmad, MD, Shiraz, Iran 

DEGLIN, Stuart M., MD, Waterbury, CT 

DICKERSON, Shelby C., MD, Kansas City, 
KS 

ESQUIVEL, Miguel E., MD, Merida, Mexico 

FANGMAN, Timothy R., MD, Omaha, NE 

GOTTWIK, Martin G., MD, Newton, MA 

GUTOVITZ, Allen L., MD, St. Louis, MO 

HALPE, Dudley C. E., MBBS, Phoenix, AZ 

HUSAIN, Inayat S., MBBS, Park Ridge, IL 

JAFFE, Jonathan Ravid, MB, ChB, Hollywood, 
FL 

JENIKE, Frank T., MD, Cincinnati, OH 

KAHAN, Sherman, MD, Baltimore, MD 

KAUFMAN, Joseph A., MD, San Diego, CA 

KAZANTZIS, Andreas, MD, Limassol, Cy- 
prus 

KOGAN, Alan David, MD, Glenview, IL 

KRAUS, Martin E., MD, Red Bank, NJ 

KUMAR, Tumkur B. N., MBBS, Pawtucket, RI 

LEE, William K., MD, Dekalb, IL 

MANUS, Stephen C., MD, Lewistown, PA 

MARX, Jeffrey W., MD, New Hyde Park, NY 

MATSUMOTO, Stewart Y., MD, Honolulu, HI 

MEHTA, Harendra U., MD, Bombay, India 
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MILLER, Hylton, MD, Tel Hashomer, Israel 

MONTELEONE, Bernard B., MD, New York, 
NY 

MONTES-CARDONA, Hugo, MD, Hato Rey, 
Puerto Rico 

MORGAN, James R., MD, Omaha, NE 

NAIR, Sasidharan M. R., MBBS, Southfield, 
MI 

NEWARK, Michael J., MD, Reno, NV 

OBRADOVIC, Dragic M., MD, Chicago, IL 

PATEL, Mehmood, MBBS, New Orleans, LA 

PEASE, Howard F., MD, Gretna, LA 

PETSAS, Andreas A., MD, Nicosia, Cyprus 

QUARAMAN, Abdul W. L., MB, Roselle Park, 
NJ 

RANA, Yebarna S., MBBS, Brooklyn, NY 

REES, Allan H., MD, Louisville, KY 
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COLLEGE NEWS 


AMERICAN COLLEGE OF CARDIOLOGY 


AFFILIATE MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


This membership category is open to all Fellows in cardiovascular (adult, pediatric, surgi- 
cal, etc.) training programs. Upon completion of training and in order to maintain an affiliation 
with the College, the members are encouraged to apply to the Credentials Committee for sta- 
tus in one of the other three membership categories. 


The application for Affiliate (in Cardiovascular Related Training) must be signed by the Di- 
rector of the applicant’s training program and two sponsors, both of whom must be Fellows 
of the College. One of the sponsors may be the Director of the training program, provided he 
is a Fellow of the College. The annual dues for an Affiliate (in Cardiovascular Related Training) 
are $20.00 (U.S.). 


Advantages to the Affiliate (in Cardiovascular Related Training) 
1. Subscription to The American Journal of Cardiology, the official journal of the College. 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited registra- 
tion. 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of the Col- 
lege. 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 


December 1977 The American Journal of CARDIOLOGY Valima AN 


1nias 


— ARAN 


AUTHOR INDEX: VOLUME 40 


Abdulla A, 700 
Abedin Z, 654 
Adams P, 445 
Ahmed SA, 195 
Ahronheim JH, 287 
Ahuja N, 870 

_ Akhtar M, 957 
Alderman EL, 1 
Aldrich JL, 853 
Ali N, 17 
Alimadadian H, 789 
Alter BR, 815 
Alvarez H, 829 
Amat-Y-Leon F, 586 
Amsterdam EA, 504, 768 
Anagnostopoulos CE, 429 
Anderson RH, 569 
Anderson RN, 165 
Andy JJ, 17 
Aranda JM, 839 
Aravindakshan V, 177 
Armstrong PW, 83 
Aronow S, 789 
Aronson AL, 76 
Asayama J, 620 
Ashburn WL, 147 
Askenazi J, 541 
Awan NA, 504 
Awdeh M, 303 
Aziz KU, 775 


Bahler A, 829 

Bailey IK, 889 

Baillot F, 463 

Bakalar KM, 748 

Banka VS, 50, 200, 865 

Bar FWHM, 579 

Barlow JB, 130 

Barnes BO, 17 

` Barnhorst DA, 232 
Barold SS, 272, 647, 658 
Barsamian EM, 331 
Bates Ru, 429 
Baxley WA, 226 
Beauchamp G, 611 
Beazley HL, 665 
Bell HH, 611 
Benchimol A, 315 
Bender H Jr, 454 
Berezin AF, 498 
Bergdall D, 681 
Berman DS, 768 
Bernal-Ramirez JA, 449 
Bertuglia S, 556 
Beutler S, 429 
Bharati S, 70, 635 
Bianchini C, 762 
Bigger JT Jr, 189 
Bing RJ, 556 

„Black H, 416 


Ranaananhas 40977 


Bleifeld W, 900 

Block TA, 673 

Bock M, 237 

Bodenheimer MM, 50, 200, 
865 

Bolen JL, 487 

Borer J, 829 

Borhani NO, 251 

Boulle G, 716 

Bourassa MG, 492 

Braunwald E, 43 

Breckinridge JC, 1000 

Brik H, 11 

Brinsfield D, 206 

Brooks H, 110 

Bruce RA, 597 

Bryson AL, 6 

Buchbinder NA, 876 

Buhlmeyer K, 781 

Bulkley BH, 476, 825 

Burow RD, 889 


Calon AH, 957 
Campbell RWF, 514 
Canedo MI, 615, 700 
Cashion WR, 665 


Castellanos A, 24, 641, 839, 


853 
Chadda KD, 860 
Chahine RA, 303 
Chaitman BR, 492 
Chapman DW, 665 
Charuzi Y, 989 
Chatterjee K, 794 
Chemmongkoltip P, 70 
Chew C, 829 
Child J, 829 
Childs H, 624 
Chiong MA, 83 
Clark DA, 487 
Clark EB, 405 
Coghlan HC, 458 
Cohen LS, 76 
Cohn LH, 331 
Coleman RE, 195 
Collins JJ Jr, 331 
Come PC, 889 
Conti CR, 754 
Cowley MJ, 458 
Cramer M, 189 
Crupi G, 569 
Cundey DW, 615 
Curry CL, 17 
Curtis JJ, 232 


Dack S, 654 
Dalakos TG, 995 
Damani PM, 534 


Damato AN, 957 
Danahy DT, 789 
Danielson BD, 409 
Daughters GT, 99 
Davis MA, 541 
de Jong JW, 55 
DeMaria AN, 504 
Denardo GL, 768 
Denes P, 32 
Desser KB, 315 
Detre K, 212 
Dhatt MS, 957 
Dhingra R, 32 
Diaz PE, 541 
Dillon JC, 691 
Dohmen HJ, 579 
Dorsey TJ, 282 
Doyle UF, 829 
Dreifus LS, 915 
Dupuis C, 463 
Düren DR, 579 


Edmiston WA, 338 
Effert S, 900 
Eisenberg R, 393 
Elharrar V, 929 
Ellestad MH, 681 
Ellison RG, 345 
El-Sherif N, 733 
Endo N, 620 
English MT, 673 
Epstein S, 829 
Escher DJW, 184 
Esler M, 105 


Fallon JT, 509 
Farquhar DS, 498 
Faulkner S, 454 
Feigenbaum H, 691 
Felner JM, 206, 528 
Fischer R, 556 

Fish B, 393 
Fishbein MC, 43, 331, 541 
Fisher CM, 509 
Fisher JD, 393 
Flamm MD, 6 

Fleg JL, 686 
Forwand S, 624 
Foster PR, 586 

Fox LM, 17 

Frank MJ, 615, 700 
Fraser DB, 165 
Frederick R, 597 
Freis ED, 38 
Friedlich AL, 509 
Friedman WF, 400 
Frischknecht J, 171 
Fujino M, 156 
Fujito T, 156 


Tha Amarinan lanrnal af CADNINI AAY Valima AN 


Furman S, 184 
Furukawa K, 620 k 


Gallagher JJ, 514 
Gaum WE, 586, 929 
Gelband H, 24, 839 
Gerry JL Jr, 825 
Gettes Ls, 177 
Giffler RF, 820 
Gilbert CA, 528 
Gillette PC, 848 
Gissen SA, 331 
Glassman E, 808 
Glassman RD, 811 
Glogar D, 829 
Gomes JAC, 957 
Goodfriend MA, 647 
Goris ML, 1 

Gorlin R, 11, 310, 829 
Graham TP Jr, 454 
Gramiak R, 272 
Greenberg B, 794 
Greenfield RS, 789 
Griffity LSC, 889 
Gunnar RM, 550 
Gupta PK, 860 
Guyton RA, 373, 381 


Haalebos MFP, 951 
Hagan AD, 400 
HagemeijerF, 951 
Haisty WK, 707 
Hall RR, 6 

Hammer WJ, 802 
Hanrath P, 900 
Hardarson T, 90 
Harrison DC, 99 
Harrison EC, 338 
Harrison EE, 133 
Harry R, 563 

Hart R, 794 
Hartmann JR, 550 
Hartzler GO, 232 
Harwood S, 206 
Haworth SG, 781 
Hayden WG, 487 
Hazan E, 463 
Hearse DJ, 716 
Heger JJ, 691 
Heinle RA, 272 
Helfant RH, 50, 200, 865 
Henning H, 90, 147 
Henry W, 829 
Herman MV, 11, 310, 829 
Heymsfield SB, 528 
Hietala SO, 820 
Higgins CB, 487 
Hillson RF, 345 
Hines HH, 768 


oe 








PS. 


a R 


7 S Hinton RC, 509 


Hirschklau MJ, 400 
Hitchcock JF, 130 
Holland RP, 110 
Hood WB Jr, 498 
Hope RR, 733 
Howell J Jr, 665 , 
Hugenholtz PG, 951 
Hultgren H, 212 


Humphries WC Jr, 802 
‘Hurzeler P, 184 


Hutchins GM, 825 


Ichikawa T, 277 
Ikeda R, 768 
ingels NB, 99 
Ishimori T, 303 
Iskandrlan AS, 291 
Ito Y, 277 


James TN, 965 
Janicki JS, 740 
Jansholt AL, 768 
Jessee EF, 820 
Joffe CD, 11 

Jones D, 995 
Josephson ME, 521 


Karayannis E, 700 
Kastor JA, 521 
Katsumura T, 277 
Kattus AA, 243 
Katz AM, 467 
Katzeff IE, 716 
Kawachl K, 156 
Kawai C, 63 
Kawashima Y, 156 
Kegel SM 282 
Kelly DT, 889 
Khatri |, 38 
Kindred LH, 611 
King H, 438 
Kistler JP, 509 
Kitamura, S, 156 
Kitaura Y, 83 
Klelnert M, 237 
Klied J, 829 
Kloner RA, 43 
Koch PC, 445 
Kosowsky B, 416 
Kozuka T, 156 
Kraus R, 989 
Kriss JP, 1 
Krongrad E, 635 
Kronik Q, 691 
Kronzon i, 445, 808 
Kübler W, 467 
Kuo C, 177 


- Kupper W, 900 


Kurlta A, 492 
Kusumi F, 597 


Laimer H, 829 


i 


Laird JD, 951 
Lakier JB, 130 
Lau FYK, 338 
Lawrie GM, 665, 906 
Lazzara R, 733 
Lefemine AA, 416 
Lemole G, 802 
Leonetti G, 762 
Letafati A, 860 
Lev M, 70, 635 
Lewis M, 416 
Lichstein E, 860 
Lie JT, 665, 906 
Ue KI, 579 

Lipnik S, 310 
Lown B, 630 
Lubbe WF, 716 
Lucerl RM, 184 
Ludbrook PA, 886 


Macartney FJ, 569 
Maclean D, 43 
Madoff |, 416 

Malr D, 66 

Mallon SM, 24, 641 
Maloney JD, 232 
Manabe H, 156 
Mandel WJ, 727 
Manfrin M, 762 
Mantle JA, 458 
Maroko PR, 43, 541 
Martin H, 133 

Martin HA, 815 
Martin ND, 6 
Maruyama Y, 556 
Mason DT, 504, 768 
Mason JW, 1, 99 
Massle B, 794 
Mathewson FAL, 604 
Mathey D, 900 
Matsukobo H, 620 
Matsuura T, 620 
Mautner R, 32 
McAllister HA Jr, 70 
McAnulty JH,.870 
McClénathan JH, 373, 381 
McCullen AE, 727 
Mc€urdy RR, 802 
McDaniel HG, 365, 421 
McDonald WJ, 409 


_ McDonough MT, 802 


McGoon DC, 66 
McGowan RL, 6 
McGranahan GM Jr, 815 
McKnight RC, 686 


_ Meller J, 310 


Mendoza I, 24 
Mendoza lJ, 641, 853 
Michaells LL, 373, 381 
Miller RR, 504- 
Mond H, 206 

Moore EN, 923 

Moore HV, 345, 615 
Moraski RE, 365 
Morgan DL, 611 
Morganti A, 762 
Morris GC Jr, 665, 906 


Morton MJ, 870 
Muller JE, 269 
Mundth ED, 291 
Murgo JP, 815 
Murray JA, 673 


Muster AJ, 775 
Myerburg Ru, 24, 641, 839, 


853 
Myers RW, 1 


Naidu S, 829 
Nanda NC, 272 
Nelson C, 624 
Newman GE, 373 
Nezuo S, 277 
Nichols WW, 754 
Noble RJ, 588, 811 
Nolan SP, 563 
Notarglacomo A, 38 
Nowak B, 624 
Nutter DO, 528 


Oakley C, 829 

Ogawa S, 915 

Ogura JW, 665 

Oliva PB, 1000 

Ong LS, 272 

Opie LH, 716 ; 
O’Rourke RA, 90, 147 
Osmick MJ, 915 


Palne TD, 226 
Palazola J, 611 
Parker JO, 83 ; 
Parmley WW, 794 
Patterson DF, 936 
Paul MH, 775 
Pelsach M, 716 
Pepine CJ, 754 
Perkins JV, 528 
Perry HM,, 409 
Peterson PK, 665 
Phillipg JH, 449 
Pichard AD, 310 
Pletras RJ, 32 
Pinto ER, 534 
Pipberger HV, 707 
Pitt B, 889 

Plauth W, 206 
Pocock WA, 130 
Potts JL, 995 
Preston TA, 658 
Prieto Solis JA, 829 
Pritchett ELC, 514 
Pupello DF, 133. 
Purdy JW, 165 


Quint RA, 487 


Rabkin SW, 604 
Rackley CE, 365, 421 
Rahimtoola SH, 472, 870 


AUTHOR INDEX 


Raizner AE, 303 
Ramanathan KB, 50 
Rankin R, 438 
Raper AJ, 820 


` Raphael M, 829 


Reddy CP, 957 

Reed W, 611 

Reld DS, 189 

Reid L, 781 

Reiffel JA, 189 

Remme WJ, 55 

Resnekov L, 429 

Rey C, 463 

Righetti A, 147 

Roberts WC, 17, 319, 876 
Robinson JA, 550 

Rogers WJ, 226, 365, 421 
Roschke EJ, 338 

Rosen KM, 32, 586 
Rosenquist QC, 405 
Rowen M, 282 

Rubin JW, 345 

Rubin S, 829 

Rubler S, 534 

Russell RO Jr, 226, 365, ¢ 
Ruwitch JF Jr, 686 


Sagawa K, 748 
Sahn DJ, 400 
Sala C, 762 

Salel AF, 768 
Sarma JSM, 556 
Sarma R, 338 
Sasse L, 829 
Sauer U, 781 
Savitz S, 681 
Sawayama T, 277 
Sbar SS, 133 
Schaper J, 1008 
Schaper W, 1008 
Schelbert HR, 147 
Schenk EA, 647 
Scherlag BJ, 733 
Schlant RC, 206, 528 
Schmidt PE, 811 
Schnarr WR, 936 
Schroeder JS, 487 
Schrumpf JD, 76 
Segal B, 291 ` 
Shabetai R, 829 
Shakibl JG, 829 
Shaplro E, 987 
Shelkh MU, 17 
Sheps DS, 76 
Shoukas AA, 748 
Smith ER, 165 
Smith G, 409 
Smith RA, 514 
Sobel BE, 195 
Soto B, 458 
Spann JF Jr, 802 
Spear JF, 923 
Spencer WH 111, 665 
Spray TL, 319 
Steele P, 171 
Stefadouros MA, 615, 70: 
Steinfeld L, 635 


December 1977 The American Journal of CARDIOLOGY Volume 40 102 











AUTHOR INDEX 


Stinson EB, 1, 99 
Storer WR, 811 
Strauss HW, 6, 889 
Streeten DHP, 995 
Strunk B, 829 
Suga H, 748 


Sung RJ, 24, 641,839, 853 


Surawicz B, 137 
Swan HJC, 989 
Sweeney LJ, 405 


Takaro T, 212 
Tate RB, 604 
Tavel ME, 811 
Tayior.WF, 282 


Teichholz LE, 11, 310, 829 


Terzoli L, 762 
Teske J, 681 
Texter JH Jr, 820 


$ f 
2774822 December 1977 The American Journal of CARDIOLOGY Volume 40 





‘Thakur ML, 195 


Thubrikar M, 563 
Towne W, 32. 
Treasure RL, 815 
Trubek M, 445 
Tsuda T, 277 


Uemura N, 38 
Uretsky BF, 498- 


van der Bel-Kahn J, 355, 


Van der Werff TJ, 716 
van Grondelle A, 775 
Van Mierop LHS, 936. 
Nerdouw PD, 55 | 
Vogel R, 171 


Wagner GS, 829 


Walker PD, 929 
Wallace AG, 514 
Wann LS, 691 
Weber KT, 739, 740 
Weinrauch L, 624 
Weishaar R, 556 
Welss AN, 686 
Weiss ES, 195 
Welch MJ, 195 
Wellens HJJ, 579 


. Wender CM, 454 


‘Werner J, 794 

Wexler L, 487 X 
Weyman AE, 438, 691 
Wheeling JR, 815 
Wilhemi F, 237 
Williams DE, 400 
Winer H, 808 

Winer HE, 445 

Winkle RA, 99 


Winters WL, 665 
Wolfson S, 76 
Woods JW, 409 
Wu D, 32, 586 


Yamaguchi |, 727 
Yankopoulos NA, 707 
Yazdanyar A, 829 
Young D, 393 


Zaldi SA, 829 
Zanchettl A, 782 
Zaret BL, 6 
Zllcher H, 829 
Zipes DP, 929 
Zohman LR, 243 
Zipes DP, 586 
Zweifler A, 105 





* “SUBJECT INDEX: VOLUME 40 


physlologic observations in, 839 
Adenosine triphosphate 

and coronary microcirculation, 1008 

depletion of, and early “pump” fallure of Ischemic heart, 467 
Adventitia and sudden death In Isolated coronary perlarteritis, 287 
Alcohol withdrawal, reversibility of mitochondrial and contractile 

changes In myocardium after, 556 
American College of Cardiology news 
- affiliate membership, description of, 146, 1019 
American Board of Internal Medicine's subspecialty examinations, 
change in training requirements for, 482 . 

calendar of continuing medical education programs, 145, 302 
calendar of extramural programs, 483, 662, 836, 1015 
Leaming Center program calendar, 484, 663, 837, 1014 
new members, 481, 1016 
president's page 

annual College sessions, site selection and scientific formutation 

of, 661 
Bethesda Conferences, 144 
the department of cardiovascular disease, 1013 


international education, 301 
research in continuing cardiovascular education, 835 
Amyloid heart disease, 829 
Anatomy of sinus node, 965° 
Aneurysms 
and healed left-sided endocarditis, 876 
false, and cardiac rupture, 429 
mitral valve, after infective endocarditis In billowing mitral — 
syndrome, 130 
ventricular, versus mid ventricular obstructive cardiomyopathy, 
295 
Angina pectoris 
and coronary microcirculation, 1008 
and exercise testing in dlagnosis of coronary artery disease, 243 
and hypoxanthine after pacing-induced myocardial ischemia, 55 
and myxedema, coronary arterial surgery for, 226 
- and normal coronary arteries, testing for coronary spasm in, 624 
and symptomatic myocardial infarction without chest paln, 498 
coronary bypass for, 665 
preinfarction, intraaortic balloon pumping for, 418 
Prinzmetal’s, and coronary spasm induced with ergonovine maleate, 
487 
technetlum-99m pyrophosphate myocardial uptake in, 1 
verbal conditioning of, during exercise testing, 630 
Veterans Administration Cooperative Study of coronary bypass 
surgery for, 212 
:Atiolouraniy 
‘(see also Arteriography) 
after bypass surgery, 665 
and false positive stress test, 681 
and myocardial imaging for coronary artery disease, 6 
and replacement of heart by glant mediastinal cyst, 445 
and Veterans Administration Conperatiye study CURE Doty fot Bee 
M occlusive disease, 212 
| coronary, in mucocutaneous lymph node syndrome, 282 
In cardiomyopathy with Bartter’s syndrome and hypokalemla, 995 
in coronary arteritis caused by mucocutaneous lymph node-syn- 
drome, 156 





- 


Accessory pathway, concealed atrioventricular; clinical and electro- 


Heart House Leaming Center, dedicatlon and operation of, 480 . 
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Angiography 
In isolated left anterior descending coronary Se disease, 654 
left ventricular cavity obliteration In, 303 
versus echocardiography In mitral valve prolapse, 165 
within 12 1/2 hours of acute myocardial Infarction with normal and 
near normal coronary arteries, 1000 -` 
Antiarrhythmic agents (see specific agent) 
Antlarrhythmic therapy in recurrent right and left ventricular tachycardia, 
32 


. Anticoagulant agents 


after Intraaortic balloon pumping, 416 
and cardiac catheterlzation after ball valve replacement, 870 
and cardiac rupture, 429 
Aorta In endurance-trained athlete, echocardiographic dimensions of, 
528 
Aortic Insufficiency, computer analysis of orthogonal electrocardiogram 
and vectorcardlogram in, 707 
Aortic regurgitation and aortic valve replacement, 345 
Aortic root, elasticity of, in dogs, 563 
Aortic stenosis 
and aortic valve replacement, 345 
and right and left hypertrophic subvalve stenosis and fixed left ven- 
tricular outflow obstruction, 133 : 
computer analysis of orthogonal electrocardiogram and vectorcar- 
diogram in, 707 
echocardiogram In, 296 
echocardlographic measurements and left ventricular peak systollc 
pressure In, 775 
myocardial imaging with thalllum-201 In, 889 
Aortic valve 
and paradoxical pulse due to pulmonary embolizatlon, 808 
in infective endocarditis, 17 
Aortic valve disease 
(see also specific type) 
and healed infective endocarditis, 876 : 
computer analysis of orthogonal electrocardiogram and vectorcar- 
diogram in, 707 


_Aortic valve function, normal, in dogs, 563 


Aprindine 
excitability and ventricular fibrillation threshold and, 929 
for supraventricular tachycardia, 586 
Aprotinin and myocardial Ischemic injury after coronary occlusion, 
541 
Arrhythmias 
(see also specific type) 
after psychotropic drugs, 297 
and TQ-ST segment mapping, 110 
atrial, and atrioventricular sequential pacing after cardiac surgery, 
232 
in Wolff-Parkinson-White syndrome, 24 
reentrant, after partial coronary occlusion, 50 
ventricular 
and Intraaortlc balloon mere in shock with acute myocardial 
infarction, 951 
continuous concealed, 733 
phasic aortocoronary bypass graft blood velocity during, 3-15 
Arterlography 
(see also Anglography) 
and septal perforator compression In Idiopathic hypertrophic sub- 
aortic stenosis, 310 
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. Arterlography , f 
_coronary 
and coronary spasm provoked with ergonovine maleate, 487 
and exercise testing, 142 
Asymmetric septal hypertrophy and Idiopathic hypertrophic subaortic 
: stenosis, 476 
Asynergy, ventricular, and ventricular premature complexes In coronary 
artery disease, 865 
Atherosclerosis 
(see also Coronary artery disease) 
vein graft, In normal and hyperlipoproteinemlc patients, 908 
Athlete, endurance-trained, echocardlography In, 528 - 
Atrial activation, mapping of, and longitudinal dissociation of Bach- 
_ Mann's bundle, 915 _ 
Atrial fibrillation 
and bifascicular block complicating myocar infarction, 860 
aprindine and, 586 : 
etiology of, and Incidence of systemic mbolli; 509 
in preexcitation syndrome, §14.- >- 
Atrial flutter, aprindine and, 586 
Atrial flutter-fibrillation and concealed accessory atrioventricular bypass 
tracts, 839 
Atrial septal defect, size of, after Blalock-Hanlon atrioseptectomy, 
405 
‘Atrial stimulation and sinus nodal dysfunction In sinus bradycardla, 
189 
Atrioseptectomy, Blalock-Hanlon, atrial defect size after, 405 
Atrioventricular block 
complete 
effect of lidocaine on escape rate in, 177 


„permanent, after surgical repair, for Isolated ventricular dis- . 


cordance and complete atrioventricular canal in situs Inversus, 
463 ; 
i Wenckebach (Mobitz type 1); In children and adolescents, 393 
: Atrioventricular canal ` 
complete, and isolated ventricular discordance in situs Inversus, 
463 ; 
surgery for, during first year of life, 66 
Atrioventricular valve prolapse, bilateral, with chest pain in Isolated 
corrected transposition of great arteries, 458 
Atrium i 
left 
alternating Wenckebach periods in, 853 
In endurance-trained athlete, echocardiographic dimensions of, 
528 
right 
alternating Wenckebach parisis in, 853 
Idiopathic enlargement: of, 620 
Auscultation 
. and mitral valve aneurysm e Infective ndodhi in billowing 
mitral leaflet syndrome, 130 
In mitral valve prolapse, 165 
Automaticlty and sinus node, 965 


‘S 


‘Bachmann's bundle, longitudinal dissociation of, In’ paroxysmal su- 
praventricular tachycardia, 915 

Bartter’s syndrome with hypokalemia and cardiomyopathy, 995 

Beta adrenergic blockade, cardloselective, 141 


Billowing mitral leaflet syndrome, mitral valve aneurysm after Infective 


endocarditis In, 130 
Biopsy, left ventricular endomyocardial, new catheter for, 63 
Bladder, urinary, pheochromocytoma of, 820 
Blood flow — 
` coronary : 
after glucose-Ingulin-potasstum infusion, 421 
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Blood flow 
coronary 
and nitroglycerin, 504 ge o 
coronary collateral : 
and aprotinin after coronary occlusion, 541 
and self-propagation of Ischemia, 381 ; 
coronary microcirculation, present knowledge of, 1008 
coronary sinus, after atrial.pacing and propranolol, 83 
epicardial, and subendocardial Ischemia, 373 e 
regional myocardial, after-aprotinin In coronary occlusion, 541 
Blood pool subtraction, cardiac, with technetlum-99m pyraphaaphiate 
scintigraphy, 768 
Blood pressure 
and prognosis after acute myocardial Infarction, 604 
during propranolol therapy of hypertension, 105 
left ventricular end-diastolic, and surgery for coronary artery disease, 
212° 
lett ventricular peak systolic, and ere res measurements 
in aortic stenosis, 775 - 
pulmonary capillary wedge, waveless tracing c of, In-cor trlatriatum, 
295 
Books recelved, 299 


- Bradycardla, sinus, Holter EE EEN and atrial stimulation 


to detect sinus nodal dysfunction in, 189 


i Bundle branch block 


bilateral postoperative, conduction system in, 635 
pseudo, premature Impulses and, 641 . 
right, and left anterior conduction, 647 


- Calcium concentration and TQ-ST segment mapping, 110 


Cardiac catheterization 
In angina pectoris and myxedema, 226: . 
postoperative, in patients with bali valve prostheses, 870 
Cardiac output 
after prolonged physical training for cardiac rehabilitation, 597 
during pregnancy, 534 
Cardlac massage, external, and rupture of ee muscle of tricuspid 
valve, 825 ; 
Cardiac rupture, diagnosls and management of, 429 
Cardiac tamponade versus severe cael pulse due to or 
embolism, 808 , 


` Cardlomegaly, factitious, and glant mediastinal cyst, 445 


Cardiomyopathy 
hypertrophic 
and muscle flber disarray In common heart diseases, 355 
obstructive, and opema hypertrophic subaortic stenosis, 
476 
mid ventricular obstructive; versus ventricular aneurysm, 295 
new endomyocardial biopsy catheter for left ventricle In, 63 
with Bartter's syndrome and hypokalemla, 995 
Cardlopulmonary resuscitation and rupture of papillary muscle of tri- 
cuspld valve, 825 l 


. Cardiorrhexls, diagnosis and management of, 429 ` 
` Catheter — 


for left ventricular endomyocardial blopsy, 63 
Swan-Ganz Intracardlac, echocardiography and, 989 
Cells, contractile endothellal; and coronary microcirculation, 1008 


, Chemotaxis in coronary sinus after myocardial infarction, 550 
Chest pain - 


absent, In symptomatic myocardial infarction, 498 
: and atrioventricular valve prolapse with normal coronary arteries 
in isolated corrected transposition of great arteries, 458 
and normal coronary arteries and provocative testing for coronary 
spasm, 624 : ` 
atypical, and coronary spasm Induced with ergonovine maleate, 
487 
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L Chest pain 


older patlents with, and Pea oram in mitral valve prolapse, 
686 
Cholesterol 
plasma, in Soviet and American populations, 260 
serum, and primary prevention of coronary heart disease, 251 
Cigarette smoking 
and primary prevention of coronary heart disease, 251° 
* and symptomatic myocardial infarction without chest pain, 498 
Circulation, pulmonary, and ventricular septal defect, 781 
Circulatory assistance In shock with acute myocardial infarction, 
951 
Click-murmur syndrome, angiographic versus schocardogighis di- 
agnosis of, 185 
Cobra venom factor after myocardial Infarction, 550 
Color display computer system and thallium-201 Imaging In old myo- 
cardial infarction, 277 
Computer 
for analysis of orthogonal slectrocardiogram and vectorcardiogram 
In aortic valve disease, 707 
for selective blood pool subtraction with technetium-99m pyro- 
phosphate scintigraphy, 768 
In exercise testing, 681 
Computer system, color display and thalllum-201 Imaging in old myo- 
cardial Infarction, 277 
Conduction ~ 
after aprindine, 586 
and concealed accessory atrioventricular bypass tracts, 839 
and longitudinal dissociation of Bachmann's bundle, 915 
and sinus node, 965 
concealed anomalous pathways of, and supraventricular tachycardia, 
848" 
depression of, after Ildocalne, 177 
in His-PurkinJe system, procainamide and, 957 
intramyocardial, after partial coronary occlusion, 50 
supernormal, In bundle branch-Purkinje system, potassium and, 
923 
ventriculoatrial, and reciprocating tachycardia in Woiti-Parkinsoin: 
White syndrome, 24 : 
Conduction block, combined right bundle branch and left anterior, 
647 
Conduction defects 
and alternating Wenckebach perlods, 853 
and occluslon of anterior septal artery, 727 
and TQ-ST segment mapping, 110 
Conduction system 


histologic observations of, in postoperative bilateral bundle branch 


block, 635 
disease of, and Wenckebach atrioventricular block in children and 
adolescents, 393 
Congenital heart defects 
(see also Pediatric: cardiology) 
cor trlatrlatum, echocardlography in, 615 
pulmonary atresia with tricuspld Insufficlency, 70 
situs inversus, isolated ventricular discordance and complete 
atrioventricular canal in, 483 
Congenital heart disease 
(see also Pediatric cardiology) 
atrial defect, size of, after Blalock-Hanion septectomy, 405 
muscle fiber disarray in, 355 
tetralogy of Fallot and hypoplasia of left ventricle, 454 


- transposition of great arteries, corrected, chest pain and atrioven- 


tricular valve prolapse in, 458 
Conotruncal septal defects, hereditary, in Keeshond dogs, 936 
Contractility i ` 
myocardial 
after ethanol withdrawal, 556 


* SUBJECT INDE 


Contractillty 
myocardial 
after hydralazine, 38 
and mechanism of early ‘‘pump”’ failure in ischemic heart, 46 
ventricular 
` and-dighalls in coronary artery disease, 171 
end-systolic pressure/volume ratlo as index of, 748 
Contraction, ventricular, mechanics of 
(see Seminar on the Mechanics of Ventricular Contractlon) 
Contraction abnormality 
and left ventricular cavity obilteration, 303 
and progressive decreases In regional coronary perfusion, 200 
Coronary arteries 
» normal 
„and chest pain and atrioventricular valve prolapse In Isolate 
corrected transposition of great arteries, 458 
and near normal, In acute myocardial Infarction, 1000 
_ with chest pain and testing for coronary spasm, 624 
origin of, in persistent truncus arteriosus, 569 
right, to right ventricular fistula, 815 
Coronary arteritis, left ventricular function In, 156 
Coronary artery disease 
and atrial pacing after propranolol, 83 .. 
and cardiac rupture, 429 
and site of origin of ventricular premature complexes, 865 
and sudden cardiac death In mucocutaneous lymph node syndrom 
282 
critique of primary prevention of, 251 
diagnostic accuracy of myocardial Imaging for, 6 
digitalis and resting and posthandgrip hemodynamics In, 171 
due to mucocutaneous lymph node syndrome, 156 
exercise-Induced junctional S-T depression in evaluation of, 492 
exercise testing in diagnosis of, 243 
_ 5 year results of surgery for, 665 
hemoglobin-oxygen affinity and long-term propranolol therapy |! 
76 
left anterlor descending - 
echocardiogram in, 11- 
isolated, therapy for,-654 
left main, appraisal of treatment for, 291 
muscle flber disarray in, 355 
nitroglycerin and blood pressure in, 504 
Veterans Administration Cooperative Study of surgery for, 212 
with and without aortic stenosis, thalllum-201 myocardial imagir 
in, 889 
‘Coronary care unit, testing for coronary spasm In, 624 
Coronary microcirculation, present knowledge of, 1008 


‘ Coronary occlusion 


aprotinin after, 541 
myocardial Imaging with Indlum-111 leukocytes after, 195 
partlal, and reperfusion, electrophyslologic effects of, 50 
temporary epicardial, In acute myocardial Infarction with normal ı 
neer normal coronary arterles, 1000 
versus progressive decreases In regional coronary perfusion, 20 
Coronary perfusion, regional, progressive decreases In, and contractie 
‘abnormalities, 200 
Coronary perlarteritis, Isolated, and sudden death In a young pregna 
woman, 287 
Coronary reperfusion after partlal coronary occlusion, 50 
Coronary resistance 
after glucose-insulin-potasslum Infusion, 421 
and evolution of regional Ischemla, 381 - 
Coronary sinus, chemotactic activity In, after myocardial Infarctlo: 
550 
Coronary. spasm 
and normal and near normal coronary arteries in acute myocardl 
Infarction, 1000 ` Á 


- 
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Coronary spasm l Echocardiography ` XN 
provocative testing for, with ergonovine maleate, 487, 624 in severe paradoxical pulse due to pulmonary embolization, 808 

Coronary steal.and evolution of regional ischemia, 381 to dlagnose left anterior descending coronary artery disease, 11 

Coronary stenosis to estimate cardiac slze and performance during pregnancy, 534 . 
proximal, evolution of regional ischemia distal to, 381 - versus angiography in mitral valve prolapse, 185 - 

* subendocardial S-T segment elevation after, 373 © ~~ Einthoven and electrocardiograph, 987 : 

Cor pulmonale, muscle fiber disarray in, 355 Electrocardlograph, Willem Einthoven and, 987 

Cor triatriatum Pe 5 Electrocardlography ` 
echocardlography In, 615 (see also Exercise testing and Stress testing) ° 
waveless pulmonary capillary wedge pressure tracing In, 295 after diazoxide therapy in hypertension, 409 

Counterpulsation for shock after acute Infarction, 740 after pacing-induced myocardial Ischemia, 55 

Creatine kinase, serum and cardiac rupture, 429 ~~ 
after aprotinin in coronary occlusion, 541 and exercise testing In dlagnosis of coronary artery disease, 243 
versus dual myocardial imaging, 147 7 and myocardial imaging for coronary artery disease, 6 


Cyst, giant mediastinal, replacement of heart by, 445 - and progressive decreases In regional corer perfusion, 200 
< . . eyo and TQ-ST segment mapping, 110 
and ventricular premature complexes in coronary artery disease, 


aai : : 865 
Death, sudden, and coronary artery.disease In mucocutaneous lymph Frank orthogonal, computer a nays eh inode valve d 
node syndrome, 282 707 Isoase, 
Diazoxide In poran crises, 409 
Digitalis i Holter- 
an d resting and posthandgrip körnod ics: cor artery and atrial stimulation to detect sinus noda! dysfunction In sinus 
di e, 171 y ary bradycardia, 189 


in bifascicular block complicating myocardial infarction, s80 
stress, multivariate analysis with, 681 
tachycardia-dependent, in combined conduction block, ear 
versus dua! myocardial Imaging, 147 
’ Electrodes, pacemaker, in long-term ventricular pacing, threshold 
behavior of, 184 f 
Electrophysiologic studies 
-and concealed accessory atrioventricular pjok tracts, 839 
and lidocaine in complete atrioventricular block, 177. ° 


and sinus nodal dysfunction In sinus bradycardia, 189 
gian aiii heart disease In American and Soviet and TQ-ST segment mapping, 110 - 


> E in Wenckebach atrloventricular block in chlidren and adolescents, 


and ventricular contractility, 740 ` 
Digoxin, long-term digitalization with, In coronary artery disóäso, 
- 171 

Dipyridamole in acute myocardial Infarction with normal or near normal 
coronary arterles, 1060 ` 

Doppler ultrasonic flowmeter catheter and aiioe bypass at 
function during ventricular arrhythmias, 315 

Drug addiction and echocardiogram in infective endocarditis, 17 

Drugs, psychotropic, arrhythmias after, 297 


gi~ 393 . 
of alternating Wenckebach periods in atria, His-Purkinje system, 
Ebstein's anomaly of sas ces valve, cross-sectional echocardiogram: - ventricles and Kent bundle, 853 
in, 400, ~ of anterior septal arterial occlusion, 727 
Ebstein's disease of tricuspid valve and pulmonary atresia with tricuspid of aprindine In supraventricular tachycardia, 586 z 
Insufficiency, 70 ; -of atrlal fibrillation In preexcitation syndrome, 614° 
Echocardiography ; of combined right bundle branch and left anterior conduction block, 
after Isosorbide dinitrate and nitroglycerin ointment, 90 : 847 
and cardiac dimensions and function In endurance-trained athlete, ‘of concealed anomalous cardlac conduction pathways in supra- 
_ 528 : _ ventricular tachycardia, 848 i 
and flail mitral leaflet, 802 : i of continuous concealed ventricular arrhythmias, 733 
and left ventricular cavity obliteration, 303 i of excitability and ventricular fibrillation threshold, 929 
and mitral valve prolapse In older patlents with chest pain, 686 of longitudinal dissociation of Bachmann’s bundle In paroxysmal 
and paradoxical motion of interventricular septum in absence of : supraventricular tachycardia, 915 
shunting, 831 . of mechanism of chronic recurrent ventricular tachycardla, 579 
and peak left ventricular systolic pressure In aortic, stenősle., 775 of partlal coronary occlusion and reperfusion, 50 
and replacement of heart by glant mediastinal cyst, 445 ee of potassium and supemormal conduction In bundle branch-Purkinje 
and Swan-Ganz intracardiac catheters, 989 : ; ‘system, 923 
and systolic honks In young children, 206 of procainamide and reentry within His-Purkinje system, 29r 
and unusual manifestation of pericardial fluld, 829 - of pseudo bundle branch block, 641 
cross-sectional „of sinus node, 965 . 3 x 
and paradoxical diya diastolic septal motion In mitral stenosis, f Embolism, systemic, and etiology of atrial fibrillation, 509 
691 _ Embryologic studies of hereditary conotruncal septal defect in Keeshond 
In Ebstein's anomaly of tricuspid valve, 400 dogs, 936 
In aortic stenosis, 296 - ` >. DER ; Endocardlal cushion defect and Isolated ventricular discordance and 
in cor trlatriatum, 615 complete atrioventricular canal In situs inversus, 463 
In Idiopathic enlargement of right atrium, 620 = Endocardial friction rubs produced by transvenous pacemaker, 811 
In Infective endocarditis, 17 - : Endocarditis . 
in left heart myxomas, 611 and rupture of papillary muscle of tricuspid valve, 825 
_ InLoeffler’s endocarditis with valve dysfunction, 438 > and Smeloff-Cutter aortic valve prosthesis, 338 
in prosthetic valve malfunction, 449 infective 
In right ventricular outflow tumor prolapsing Into pulmonary artery, echocardlogram In, 17 


- 272 . healed left-sided, 876 


- 
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\ S Endocarditis 


mitral valve aneurysm after, In billowing mitral leaflet Erion: 
130 
Loeffler’s, presenting as mitral and diela stenosis, 438 
Epicardium, “infarcted,” and continuous concealed ventricular ar- 
rhythmias, 733 
Ergonovine maleate, provocation. of corona spasm with, 487, 624- 
Ethano! withdrawal, reversibility of mitochondrlal and contractile 
. changes In myocardium after, 556 
Excltability threshold and ventricular fibrillation threshold, 929° 


Exercise performance and trimazosin In chronic left ventricular fallure, 


789 
Exercise testing . 

(see also Stress testing) - 

after coronary bypass surgery, 665, 673 

and coronary arterlography, 142 

and myocardial Imaging for coronary artery disease, 6 

graded, and ST junctional depression In evaluation of t coronary artery 
disease, 492 ' 

handgrip, and digitalis in coronary artery disease, 171 

in diagnosis of coronary artery disease, 243 

in endurance-trained athlete, 528 

reclassification of false positive results of, with computer and muk 
tivarlate analysis, 681 

verbal conditioning of angina pectoris aei 630 


Flber shortening and ventricular: function, 754 
Fibrosis, endocardlal, in Loeffler’s endocarditis, 438 


Fistula, traumatic right coronary artery-right ventricular, with retained : 


intramyocardial bullet, 815 

Force-veloctty-length relations, Instantaneous, experimental findings 
and clinical correlates, 740- ` 

Free fatty acid elevation, heparin-induced, and myocardial haan 
consumption, 365 

Friction rub, endocardial, pacemaker-induced, 811 

Furosemide and diazoxide in Deters 409 


4 


Glucose-Insulin-potaselum Infusion, myocardial metabolism and, 
421 i 
Glucose metabollsm after diazoxide therapy In hypertension, 409 - 


Glycogen and effect of hyaluronidase early In ‘acute moore Igch-: 


_emla, 43 


Heart, transplanted human, ction oaenies after quinidine in, 99 
Heart block 
and atrioventricular sequentlal pacing after cardlac surgery, 232 
bifascicular, complicating myocardlal infarction, 860 
complete 
- after surgery for ventricular septal defect, 635 ` 
and Wenckebach atrioventricular block In children and adoles- 
cents, 393 
trifascicular, complicating myocardial infarction, 860 
Heart disease 
(see also Congenital heart disease and specific heart diseases) 
amyloid, 829 ° ` 
atrlal fibrillation due to, and systemic embolism, 509 
ischemic 
‘and systemic embolism,’509 . 
in American and Soviet populations, 260. 
muscle flber disarray In, 355 
organic, and chronic recurrent right and left ventricular tachycardia, ; 
32 
‘ systemic infltrative, 829 
Heart fallure 
congestive, and surgery for atrioventricular canal, 66 
hemodynamics in, after oe and nitrates, 794 
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-Heart mumus, echocardiography In evaluation of, 611 
‘ Heart rate - 


during pregnancy, 534 : 
, during propranolol, therapy of hypertenslon, 105 
“left, and ventricular contractility, 740 
Heart rhythm, automatic sinus and atrioventricular nodal, 965 
Hemodynamics ` 
after atrial pacing and propranolol, 83 
after atrioventricular sequential pacing after cardiac surgery, 232 
after exercise testing, 681 
after hydralazine, 38 
after hydralazine and nitratés in chronic heart failure, 794 
after Isosorbide dinitrate and nitroglycerin ointment, 90 
after pacing-Induced myocardial Ischemla, 55 
after prolonged physical training for cardiac rehabilitation, 597 
after quinidine In transplanted human heart, 99 
after trimazosin therapy, 789 
and echocardlographic estimation of ome slze and performanc 
during pregnancy, 534 

and exercise testing in diagnosis of coronary artery disease, 243 
and false positive stress test, 81i 
and left ventricular cavity obliteration, 303 

_ and ventricular contractility, 740, 748 
during. propranolol therapy of hypertension, 105 
In cardiomyopathy with Bartter’s syndrome and hypokalemla, 99£ 
In chronic recurrent left and right ventricular tachycardia, 32 
In Coronary arteritis’ caused by mucocutaneous lymph node syn 

_ drome, 156 
In hypertrophic subaortic stenosis, 700 
In hypertrophic subvalvular stenosis and fixed left ventricular outfloy 
‘> obstruction due to aortic stenosis, 133 
In idiopathic enlargement of right atrlum, 620 
left ventricular; In acúte myocardial Infarction, 900 
of nitroglycerin In coronary artery disease, 504 
resting and posthandgrip, and digitais In coronary artery disease 
171 


‘Hemoglobin-oxygen affinity with long-term propranolol therapy | 


coronary artery disease, 76 ` 
Heparin-Induced free fatty acid elevation and myocardial oxygen cor 
_ sumption; 365 

Hereditary defects, conotruncal septal, In a Keeshond dogs, 936 
Herrick and diagnosis of myocardial infarction, 269 : 
His bundle 

after occlusion of anterior septal artei; 727 

and combined conduction block, 647 f 

atrioventricular block distal to, lidocalne and escape rate In, 177 


His-PurkinJe system 


alternating Wenckebach periods In, 853 
reentry within, procainamide’ and, 957 
Histologic studies ` : 
after aprotinin In coronary occlusion, 541 
In bllateral postoperative bundle branch block, 635° 
of porcine xenograft valve progihesss, 319 
of-sinus node, 965 ` 


Honks, systolic, In young children, 206 


Hospital admission, delayed, in symptomatic myocardial Infarctio 
without chest pain, 498 

Hyaluronidase early In acute ‘myocardial ischemia, 43 
Hydralazine 

direċt and reflex cardlostimulating effects of, 38 
. Oral, and nitrates In chronic heart failure, 794 
Hydrocortisone after myocardlal Infarctlon, 550 
Hyperilpoproteinemla and vein graft atherosclerosis, 906 
Hypertension i 

and pheochromocytoma of urinary bladder, 820 

alpha methyldopa In, 762 

and primary prevention of coronary heart disease, 251 

-and prognosis after’ acute myocardial Infarction, 597 
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- blood pressure, renin activity and heart rate changes during pro- - 


“\ pranolol therapy of, 105 
` Intravenous diazoxide therapy In, 409; 
pulmonary 
` and surgery for atrioventricular canal, 66 
and ventricular septal defect, 781 
systemic, muscle fiber ‘disarray In, 355. 7 
Hypertrophic disease and left ventricular cavity obliteration, 303 - 
Hypertrophic ‘subvalvular stenosis and fixed left ventricular outflow 
obstruction due to aortic stenosis, 133 ~ ' 
Hypokalemla and Bartter’s syndrome, cardiomyopathy with, 995 
Hypoplasia, left ventricular, and postoperative mortality in tetralogy of 
Fallot, 454 
` Hypožanthine and pacing-induced myocardial ischemia, 55 


‘ 


i Idiopathic hypertrophic subaortic stenosis 
afflicted, 476 
. Internally recorded systolic time intervals In, 700 
septal perforator compression in, 310 : 
versus flxed aortic valve obstruction with subyalvular gradient, 
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` 831 
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self-propagation of, 381 ` 
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“ stenosis, 700° . f 
lsosorbide dinitrate and, nitroglycerin ointment, left ventricular, function 
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Kallikrein inhibition and myocardial Ischemia after coronary occlusion, 
-< 541 
Kent bundle, alternating Wenckebach periods in, 853 


“Laws of the heart,” new, and sinus node, 985 
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Lidocaine 
_ and bifascicular block canais myocardial infarctlon, 860 
and escape rate In complete atrioventricular block, 177 


Lipopròtelns, plasma, in Soviet and: American populations, 260 
Lown-Ganong-Levjne syndrome, supraventricular eases In, ; 
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< Manitoba Study ar and prognosis after myocardial Infarction, 604 , 
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762 > fee 
Microcirculation —. i ‘ 
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Mitochondria, myocardial, after ethanol withdrawal, 556 ` 
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Mitral stenosis e: 
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Mitral valvè ` a 
and paradoxical pulse due to pülmonary embolization, 808 
_ aneurysm of, after infective endocarditis in billowing mitral leaflet 
` syndrome, 130 . 
In Infective endocarditis, 17 
Mitral valve disease f 
_ and healed infective endocarditis, 876 , 
and systemic embollsm, 509 ” . . : io 
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7 Mitral valva prolapse . 
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angiographic’ versus echocardlographic diagnosis of, 165 
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with chest pain in'corrected transposition of great: arterles, 458 ` 
Morphologic study of congenital’ pulmonary atrésla with tricuspid in- 
sufficiency, 70 
Mucocutaneous lymph node syndrome A 
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(see Myocardial metabolism) ` 
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(see also Scintigraphy) 
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with ventricular fibrillation after trimazosin therapy, 789 - 
and Improved exercise performance after bypass surgery, 673 
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experimental 

chemotactic activity in coronary slnus after, 550 
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and left ventricular pump function, 900 
aprotinin and, 541 
- estimated with dual myocardial imaging, 147 
Myocardial inflammatory response after myocardial infarction, grug 
therapy for, 550 
Myocardial Ischemia 
(see Ischemia, myocardial) 
Myocardial metabolism 
after atrial pacing and propranolol, 83 
“ after ethanol withdrawal, 556 
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and ‘'border zone” in acute regional ischemia, 716 
and coronary microcirculation, present knowledge of, 1008 
and effect of heparin-induced free fatty acid elevation, 365 
and mechanism of early '‘pump”’ failure In ischemic heart, 467 
and nitroglycerin In coronary artery disease, 504 : 
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glucose-insulin-potassium infusion and; 421 
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after glucose-insulin-potassium Infusion, 421° 
and atrial pacing after propranolol, 83 
and heparin-induced free fatty acid elevation, 365 
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formance after, 673 - 
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standardized regimen for applying, 143 
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after propranolol, 83 
and supraventricular tachycardia in Lown-Ganong-Levine syn 
` drome, 521 
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atrloventricular sequential, after cardiac surgery, 232 
long-term ventricular, threshold behavior of electrodes In, 184 
new transvenous atrial lead for, 237 
myocardlal Ischemia induced by, hypoxanthine and, 55 
permanent, and alternating Wenckebach periods, 853 
problems In measuring threshold for, 658 
Papillary muscle of tricuspid valve, rupture of, 825 
Paradoxical pulse due to pulmonary embolization, echocardiography 
in, 808 
P cell and sinus node impulse, 965 
Pediatric cardiology - 
‘(see also Congenital heart defects; Congenital heart disease) 
aortic stenosis, echocardiographic measurements and left ventriculal 
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congenital pulmonary atresia with tricuspid Insufficlency, 70 
Ebstein's anomaly of tricuspid valve, cross-sectlonal echocardiograrr 
in, 400 
echocardiogram in aortic stenosis, 296 
hereditary conotruncal septal defects In Keeshond dogs, 936 
pulmonary circulatlon in ventricular septal defect, 781 
sudden cardiac death in mucocutaneous lymph node syndrome 
282 
surgery for atrioventricular canal during first year of life, 66 
truncus arteriosus, persistent, definition and morphogenesis of 
569 
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Pericardial tamponade after intraaortic balloon pumping, 416 
Phentolamine and ventricular contractility, 740 f 
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Phenylephrine and nitroglycerin in coronary artery disease, 504 
Pheochromocytoma of urlnary bladder, clinical spectrum of, 820 
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Phosphate, Inorganic, and early “pump” fallure of Ischemic heart, 

467 
Physical tralning 
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Potassium 
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923 
and TQ-ST segment mapping, 110 
excitability and ventricular fibrillation threshold and, 929 
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700 
Preexcitation syndrome, atrlal fibrillation In, 514 
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534 f 
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521 
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272 
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with tricuspld Insufficiency, 70 
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569 
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Renal functlon after diazoxide therapy i in hypertension, 409 
Renal transplantation, coronary bypass surgery after, 141 
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Resistance vessels and coronary microcirculation, 1008 
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{see also Myocardial Imaging) 
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Seminar on the Mechanics of Ventricular Contraction: Physiologic and 
Clinical Correlations, 739-761 
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and clinical correlates, 740 
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Introduction, 739 
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subaortic stenosis, 310 
Septal artery, anterlor, occlusion of, electrophysiologic effects of, 
` 727 
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paradoxical early diastolic, in mitral stenosis, 691 
Shock, cardiogenic 
after acute infarction, ventricular contractility and, 740 
and bifascicular block complicating myocardial infarction, 860 
Intraaortic balloon pumping for, 416 ` 
Sick sinus syndrome, Holter electrocardiography and functional testing 
In, 189 
Sinus nodal artery, patholgic changes in, 965 
Sinus node , 
functional testing of, In sinus bradycardia, and Holter electrocardl- 
ography and atrial stimulation, 189 
review of, 965 
Soviet Union 
and history of diagnosis of myocardial infarction, 269 
dysilpoproteinemias and ischemic heart disease In, 260 
S-T segment depression 
and false positive stress test, 681 
junctional, induced by exercise in evaluating coronary artery disease, 
492 
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‘application of, 137 
Strazhesko and diagnosis of myocardial Infarction, 269 
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492 
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stenosis, 476 l 
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after renal transplantation, 141 
5 year results of, 665 
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improved exercise performance after, 673 
vein graft atherosclerosis after, 906 
ball valve replacement, cardiac catheterization after, 870 | 
Blalock-Hanlon septectomy, size of atrial defect after, 405 
cardiac, atrioventricular sequential pacing after, 232 
for atrioventricular canal during first year of life, 66 
for cardiac rupture, 429 
for concealed anomalous cardiac conduction pathways In supra- 
ventricular tachycardia, 848 
„for congenital pulmonary atresia with tricuspid insufficiency, 70 
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Veterans Administration Cooperative Study of, 212 
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canal in-situs Inversus, 463 
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for Loetfler’s endocarditis with valve dysfunction, 438 
for pheochromocytoma of urinary bladder, 820 
for right coronary artery-rlght ventricular fistula, 815 
for tetralogy of Fallot and hypoplasia of left ventricle, 454 
for ventricular septal defect 
bundle branch block after, 635 
with pulmonary hypertension, 781 
heart transplantation, quinidine after, 99 
mitral valve replacement, after Infective endocarditis In-billowing 
mitral leaflet syndrome, 130 
valve replacement 
early, for preservation of ventricular function, 472 
with glutaraldehyde-fixed porcine xenografts, 319, 331 
with Smeloff-Cutter aortic valve prosthesis, 338 
Systolic time intervals, Internally recorded, din idiopathic hypertrophic 
subaortic stenosis, 700 


Tachycardla 
and combined conduction block, 647 
atrial, automatic ectopic, and supraventricular tachycardia, 848 
atrioventricular nodal reentrant, versus ventricular tachycardia, 
839 
chronic recurrent left and right ventricular, clinical, hemodynamic 
and anglographic findings In, 32 
paroxysmal supraventricular 
and concealed accessory atrioventricular bypass tracts, 839 
longitudinal dissociation of Bachmann’ s bundle In, 915 
reciprocating 





Tachycardia r 
and atrial fibrillation, 514 
__In Wolff-Parkinson-White syndrome, 24 
supraventricular 
and concealed anomalous cardiac conduction pathways, 848 
aprindine for, 586 
in Lown-Ganong-Levine syndrome, §21 
ventricular 
and bifasclcular block complicating myocardial infarction, 860 
chronic recurrent, effect of procainamide, propranolol and vera 
pamil on mechanism of, 579 
versus A-V nodal reentrant, 839 
Technetlum-99m pyrophosphate 
and thalllum-201, dual myocardlal Imaging with, 147 
myocardial uptake of, in stable angina pectoris, 1 
‘scintigraphy with, and computerized selective blood pool subtraction 
768 
Testing, provocative, with ergonovine mateate for coronary ‘spasm, 487 
624 


Tetralogy of Fallot, postoperative mortality in, and hypoplasia of lef 


ventricle, 454 
Thallium-201 
and technetium-99m pyrophosphate, dual myocardial Imaging with 
147 
for myocardial imaging 
In aortic stenosis, 889 
with color display computer system in old myocardial Infarction 
277 
Thromboembolism in aortic valve prostheses, 345 
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and sudden death in isolated coronary periarteritis, 287 
Intracavitary, in Loeffler’s endocarditis, 438 
Thyrold hormone replacement and coronary bypass surgery for myx 
edema and angina pectoris, 226 
T-Q segment mapping 
(see also S-T segment mapping) 
review and analysis of, 110 
Transposition of great arteries 
Blalock-Hanlon septectomy In, 405 
corrected, chest pain and atrioventricular valve prolapse In, 458 


` Trasylol after myocardial infarction, 550 


Tricuspld insufficiency 
and Idiopathic enlargement of right atrium, 620 
in congenital pulmonary atresia, 70 
Tricuspid regurgitation and rupture of papillary muscle of tricuspid valve 
825 
Tricuspid stenos!s 
and healed infective endocarditis, 876 
Loeffler’s endocarditis presenting as, 438 
versus tricuspid insufficiency In pulmonary atresla, 70 
Tricuspid valve 
Ebstein’s anomaly of, cross-sectional echocahdiogrami | n, 400 
In Infective endocarditis, 17 
rupture of papillary muscle of, 825 
Tricuspid valve prolapse In isolated corrected transposition of grea 
arteries, 458 
Triglycerides, plasma, in Soviet and American populations, 260 
Trimazosin and exercise performance In chronic left ventricular failure 
789 
Truncus arterlosus, persistent, definition and morphogenesis of, 565 
Tumors, right atrial, versus myxoma of right ventricular outflow tract 
echocardiogram in, 272 


Ultrastructural studies 
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of hyaluronidase early In acute myocardial ischemia, 43 
of sinus node, 965 - ; 
United States 
and history of diagnosis of myocardial infarction, 269 
dysllpoproteInemias and Ischemic heart disease In, 260 
US-USSR collaborative study on prevalence of dysllpoproteinemlas 
and ischemic heart disease, 260 ~- 


Valve prostheses 
aortic > 
13 year expörince with, 345 
trileaflet, and normal valve function In dogs, 563 
ball, and postoperative cardiac catheterization, 870 
early placement of, for preservation of ventricular function, 472 
malfunction of, echocardiography in, 449 
porcine xenograft 
pathologic findings In, 331 
structural changes In, 319 
Smeloff-Cutter aortic, 8 year felony study of clinical experience 
with, 338 
Vasodilators 
(see specific agents) 
Vectorcardiography i 
computer analysis of, In aortic valve disease, 707 
in dlaphragmatic myocardial infarction, 297 
In tachycardla-dependent combined conduction block, 647 
Vein grafts, aortocoronary bypass 
atherosclerosis of, in normal and hyperiipoproteinemic patients, 
906 
for mild coronary artery disease, 665; 
function of, phasic ventricular arrhythmias and, 315 
Ventricle 
left 
alternating Wenckebach periods in, 853 
hypoplasia of, and postoperative mortality In tetralogy. of Fallot, 
454 
new endomyocardial blopsy catheter for, 63 
right 
alternating Wenckebach perlods in, 853 
In congenital pulmonary atresta with tricuspid Insufficlency, 70 
Ventricular afterload, reduction of, and treatment or left main coronary 
artery disease, 291 
. Ventricular automaticity after partial coronary occlusion, 50 
Ventricular cavity obliteration, left main, clinical correlates of, 303 
Ventricular dimensions 
during pregnancy, echocardiographic estimation of, 534 
in endurance-trained athlete, 528 | 
wall, and peak systolic pressure In aortlc stenosis, 775 
Ventricular discordance, Isolated, and completa.a atrioventricular canal 
In situs Inversus, 463 
Ventricular ectopy In healthy subjects, 142 ; 
Ventricular enlargement In endurance-trained athlete, 528 
Ventricular fallure 
left, trimazosin and, 789 
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and acute myocardial Infarction after trimazosin therapy, 789 
versus continuous ventricular arrhythmias after myocardlal Infarction, 
733 
Ventricular fibrillation threshold and excitability, 929 
Ventricular function 
and Intraaortic balloon pumping, 416 


and Instantaneous force-velocity-length relations, 754 -> . 


and nitroglycerin In coronary artery disease, 504 
and surgery for coronary artery disease, 212 
early valve replacement for preservation of, 472 
. In endurance-trained athletẹ, 528 
left : 
after isosorbide dinitrate and nitroglycerin ointment, 90 
in acute myocardial Infarction, 900 
In coronary arteritis, 156 
Ventricular outflow obstruction, left 
fixed, and aortic stenosis, 133 
systolic time Intervals and, 700 
veréus left ventricular cavity obliteration, 303 
Ventricular outflow tract, right, tumor of, prolapsing' into pulmonary 
artery, 272 
Ventricular overload, left, and computer analysis of orthogonal elec- 
trocardlogram and vectorcardlogram, 707 


disease, 865 
Ventricular septal defect 
and pulmonary atresia versus persistent truncus arteriosus, 569 * 
pulmonary circulation in, 781 


_ Ventricular septum, Intact, and pulmonary atreèla; type I, 70 
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cardia In Wolff-Parkinson-White syndrome, 24 


‘ Ventricular volumes š 


during pregnancy, echocardlographic estimation of, 534 . 
In endurance-trained athlete, 528 
Ventricular wall dynamics after quinidine in transplanted human heart, 


99 
Ventricular wall motion after Isosorbide dinitrate and nitroglycerin 
olntment, 90 


Ventriculography with transthoracic left ventricular puncture after ball 
valve replacement, 870 

Verapamil in chronic recurrent ventricular tachycardia, 579 . 

Verbal conditioning of angina pectoris during exercise testing, 630 

Veterans Administration Cooperative Study of surgery for arterial oc- 
clusive disease, 212 


Wenckebach atrioventricular block (Mobitz type I) in children and ad- 
olescents, 393 ` 
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Wolff-Parkinson-White syndrome 
and concealed accessory Seven eat bypass tracts, 839. 
aprindine for, 586 
atrial fibrillation In, 514 
recriprocating tachycardia In, 24 
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The Echo M-mode Calculator for excursions, 
times, velocities, dimensions, ratios, BSA corrections. 


The Cath Lab Calculator for pressures, pressure 
gradients, valve flow, valve area, resistance. 


The Image Analyzer for areas, volumes, (single 
or bi-plane), ejection fraction, cardiac output, LV mass, 
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Automatic calculatio | l 
Echo-Comp consists of a programmed Echo-Comp Advantages _ 

mini- computer, a digitizer and a printer. The © Speed: Automatic calculations 

operator specifies calculations tobe done O Accuracy: 0.01” resolution 

by touching the appropriate buttons onthe O Hard Copy: Results printed with correct labels and units 
control console. Datapoints are enteredby [O Ease of Use: Prompting messages insure correct 


touching them with a special pen. Results operation 

are immediately printed with units and O Flexibility: Any strip chart recording can be used; 

labels. calculations can be done directly from 
CRT's and video moniters 
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5 a Stand-alone 
ecfrocardiograph 


It's the STS-Ill. 
Truly a Multi- 
ECG System! 


Why pay twice for dedicat 
stress test and ECG equip 
ment when a single systen 
does it all! 


Actually a variety of different syste 
in one, the STS-III has inter-chang 
able modular components that ca 
assembled to meet the budget and 
technical requirements of virtually 
any hospital, physician's office or 
clinic. Choose from two monitor typ 
and three treadmills with the optio 
manual controls or automatic test 
programming for up to twelve stag 
Use it in the stress test lab, or hanq 
routine ECGs by disconnecting an 
rolling away its state-of-the-art 
3-channel recorder (a špecial vers 
of our time-proven Model 3038 Ele 
trocardiograpħ.) Expand your diag 
nostic capabilitiesstill more by add 
heart-sound/pulse-wave and com 
puter phone terminal options. 


Even then, there’s flexibility to spa 
In addition to providing superior pg 
formance specifications, the STS- 
prevents information loss with a 
unique non-fade monitor that can 
freeze events of interest, and allow 
recording from memory in a distinq 
tive format. And, the optional “cra 
speed” feature allows the entire 
stress test to be recorded without 
interruption in the intervals betwee 
program recording. 


To see how the STS-III is the most 
cost-effective stress. test solution fq 
you, call or write: 

Cambridge Instrument Company, 
733 Spring St., Ossining, N.Y.: 
(914) 941-8100. 


Cambridge 


Instrument 
Company, Inc. 


first in electrocardiography 
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Every month, each subscriber to ACCEL receives 


a packet including a 60-minute audio-cassette tape: 


and accompanying booklet. 

Covering one or more subjects of vital concern to 
cardiologists and other physicians and medical per- 
sonnel treating cardiac patients, the material is also 
an important reference for medical schools and li- 
braries as well as hospitals. 

Recorded, for the most part, by leading cardiolo- 
gists, researchers and practicing physicians discus- 
sing developments in their own words and voices, the 
tapes cover theory, diagnosis, treatment, research, 
case histories and more. 
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In your car, listen to world-renowned cardiologists 
explain their latest theories and experiments . . . in their | 
own words and voices. i 

In your office, attend seminars and conferences, lis- 
ten to the papers, the summaries, the news in the making. 

In your den, on the beach, in a plane, train or boat, 
hear topflight authorities discussing cardiac symptoms, 
diagnoses, treatments, and results. 
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WITT Ged ia ol ae 
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Medical Journal on Tape - 
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The Audio Journal of Clinical Cardiology 


Cardiological seminars and conferences are also 


covered ... in effect bringing highlights of these meet- 
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The accompanying booklets offer additional infor- 
mation, self-assessment quizzes, reviews of audio- 
cassettes, video-cassettes and other informational 
material of interest in the field of cardiology. 


Clear, comprehensive and authoritative, these 60- 
minute audio tapes will become an important part 
of your professional library, available for review for 
yourself, your nurse, or anyone on your staff. 
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SUBSCRIBE NOW 


Take advantage of the convenience of the American College of 
Cardiology's ACCEL, the taped medical journal on Clinical Car- 


-diology. One year's subscription, 12 complete tapes with book- 
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of Cardiology) and it's tax deductible. Foreign subscribers add 
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If you are not satisfied with your first ACCEL mailing, just return it 
to us, tell us to cancel your subscription, and we will return your 
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Colestid 


coleshipol hyarochionde 






Adjunctive to diet 


lowers plasma cholesterol 
through nonsystemic action 
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Ls Colestid tn ech oe 7 
E coesipol hydrochloride «rough nansystemie action 


afor primary hypercholesterolemia 
= „effective long-term adjunct to diet 
__ shonsystemic mode of action 
f: „offers convenient bid. dosage Colestid is a high-molecular-weight, anion- 


pi exchange copolymer. It consists of virtually 

f insoluble macromolecular beads, each containing 

approximately 105 potential bile-acid-binding sites 

within its mesh structure. The average 5 Gm dose 

ee an estimated 1,250,000 macromolecular 
eads. 


Colestid Acts Only 
Within the Lumen of the GI Tract 
Colestid, a bile sequestrant, is virtually 
nonabsorbed. Most bile acids are normally 
reabsorbed; however, the partial removal of a small 
amount of bile acids from the enterohepatic 
circulation by Colestid increases hepatic 
production of bile acids from cholesterol. This 
results in a decrease in the cholesterol-rich, 
low-density lipoproteins and thus a decrease in 
serum cholesterol. 
The most common adverse reactions to 
Colestid are confined to the gastrointestinal tract. 
Constipation is the major single complaint, and 
at times is severe and occasionally accompanied 
by fecal impaction. Hemorrhoids may be aggravated. 
Most instances of constipation are mild, transient, 
and controlled with standard treatment. 




















Asmall pool of bile acids, about 2 to 4 Gm, 
is cycled through the intestine several 
times daily, and only about 0.6 Gm is lost 
in the feces. With Colestid therapy (15 to 
30 Gm/day), the bile salt excretion is 
increased about 2 to 2V2 times. This 


@ leads to increased hepatic production 
CT) of bile acids from cholesterol, thereby 
Ce decreasing serum cholesterol levels. 


Colestid acts within the gastro- 
intestinal tract. Its macromolecular 
& beads bind bile acids in the 
intestine and form a complex that 
is excreted in the feces. 

© 1977 The Upjohn Company 
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ae Scope of Colestid Clinical Studies 


= One hundred and forty-four investigators and over 
* 2,800 patients treated with Colestid (colestipo! 


Measure of Colestid Efficacy 
Average Cholesterol Reduction at 15, 20, and 30 Gm daily ~ 


15 Gm/day 20 Gm/day 30 Gm/day 


.„ 2 hydrochloride) participated in clinical trials of h) 4 studies 5 studies 4 studies 
„this new bile-sequestering agent. Thirty clinical 
-'studies helped to determine the efficacy, safety, 3 ud 


and tolerance of Colestid in lowering serum 
cholesterol. 


Colestid Therapy Guidelines 


Colestid is indicated as adjunctive therapy to diet 
in the management of patients with elevated serum 
cholesterol due to primary hypercholesterolemia 
(elevated low-density lipoproteins). approximate contribution ot 

The beta-lipoprotein (or low- te fouriipoproteins toot 
density lipoprotein) transports Subject, fasting state. 
most of the serum cholesterol, rino eia 
and it is believed that the fall in 
serum cholesterol with Colestid 
therapy is secondary to an 
increased clearance of the 
cholesterol-rich, low-density 
lipoprotein. 

The reduction of serum 
cholesterol levels is usuall 
evident within one month. When 
Colestid is discontinued, 
cholesterol levels usually return 
to baseline levels within one 
month. 

Colestid has been shown to 
have no effect on, or to increase, 
triglyceride levels. Failure of 
cholesterol to fall or a significant 
rise in the triglyceride level 
should be considered as 
indication to discontinue 
Colestid. 

It has not been established whether the drug- 
induced lowering of serum cholesterol or triglyceride 
levels has a beneficial effect, no effect, or a 
detrimental effect on the morbidity or mortality due 
to. atherosclerosis including coronary heart disease. 
Investigations now in progress may yield an answer 
to this question. 
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Colestid Offers b.i.d. Convenience 


Colestid 10 Gm twice a day is usually effective and 
avoids the obstacle of midday dosage. In general, 
however, Colestid dosage may be adjusted to meet 
the cholesterol-lowering requirements of the 
individual patient. For adults, the recommended 
dosage range is 15 to 30 Gm per day, divided into 
two, three, or four doses. To avoid accidental 
inhalation or esophageal distress, Colestid should 
not be taken in its dry form. 











Total—103 Patients Total—151 Patients Total—73 Patients 


Colestid is recommended in doses of 15 to 30 Gm per day, 
administered in divided doses, two, three, or four times daily. 


Easy and Versatile 
Administration 
The small particle size and 
neutral taste of Colestid 
poop hydrochloride) make 
ita readily acceptable adjunct to 
your patient's diet. For example, it 
may be taken conveniently with 
orange juice in the morning and 
with applesauce at night. Colestid _ 
mixes easily with almost any liquid ` 
or pulpy fruit (such as milk, water, 
fruit juices, carbonated beverages, 
pineapple, applesauce, cereals, 
and soups). 

Colestid is available in measured-dose 
packets of 5 Gm (30 to a carton) or in bottles 
of 500 Gm (with calibrated measuring spoon). 





Drug Interactions 


Patients should take other drugs at least one hour 
before or four hours after Colestid to minimize 
possible interference with their absorption. 

Discontinuing Colestid could pose a hazard to 
health if a potentially toxic drug that is significantly 
bound to Colestid has been titrated toa maintenance 
level during Colestid therapy. Particular caution 
should be observed in digitalized patients, since 
there are conflicting results for the effect of Colestid 
on the absorption of digoxin and digitoxin. 


For a summary of prescribing information, please see last page 
of this advertisement. p 











Colestid 
colestipol hydrochloride 


_ INDICATIONS AND USAGE Since no drug is innocuous, 
_ Strict attention should be paid to the indications and con- 
' traindications, particularly when selecting drugs for chronic 
` long-term use. 

= Colestid (colestipol hydrochloride) is indicated as ad- 







Ms junctive therapy to diet for the reduction of elevated serum 
| cholesterol in patients with primary hypercholesterolemia 
¿` (elevated low-density lipoproteins). It has been shown that 
L Colestid has no effect on, or may increase, triglyceride 
kur levels. 

2% It has not been established whether the drug-induced 


go lowering of serum cholesterol or triglyceride levels has a 
| beneficial effect, no effect, or a detrimental effect on 
| morbidity or mortality due to atherosclerosis, including 
' coronary heart disease. Investigations now in progress 
| may yield an answer to this question. 
| CONTRAINDICATIONS Colestid (colestipol hydrochloride) 
is contraindicated in individuals with hypersensitivity to 
any of its components. 
- WARNINGS TO AVOID ACCIDENTAL INHALATION OR 
_ ESOPHAGEAL DISTRESS, COLESTID SHOULD NOT BE 
_ TAKEN IN ITS DRY FORM. ALWAYS MIX COLESTID WITH 
~ WATER OR OTHER FLUIDS BEFORE INGESTING. 
PRECAUTIONS Before therapy with Colestid, a vigorous 
attempt should be made to control serum cholesterol with 
diet and weight reduction; any underlying disorder should 
| be treated. 
roe Colestid may interfere with normal absorption and fat, 
-vitamins A, D, and K. Supplemental vitamins A and D should 
_ be considered. 
< Golestid may be associated with hypoprothrombinemia 
-from vitamin K deficiency and can be prevented by admin- 
istration of vitamin K1. 
~ Serum cholesterol and triglyceride levels should be 
| monitored. Colestid may raise the serum triglycerides in 
© long-term use and, in some patients, the cholesterol levels 
~- return to baseline or rise above baseline. 

Colestid may produce or severely worsen preexisting 
constipation. Dosage should be decreased in these 
X pouema, since impaction may occur. Particular effort should 
-be made to avoid constipation in patients with symptomatic 
coronary artery disease. Constipation associated with 
- Colestid may aggravate hemorrhoids. 

_ Use in Pregnancy and Childhood The use of Colestid in 
| pregnancy or lactation or by women of childbearing age 
| requires that the potential benefits of drug therapy be 
| weighed against the possible hazards to the mother and 
| child. The safe use of Colestid resin by pregnant women 
' has not been established. Safety and effectiveness in 
| children have not been established. 
Ér _ DRUG INTERACTIONS Colestid may have a strong affinity 
- for anions other than the bile acids. Colestid may delay or 
reduce the absorption of concomitant oral medication. The 
interval between the administration of Colestid: and any 
"other medication should be as long as possible. Patients 
i should take other drugs at least one hour before or four 
hours after Colestid. } 
In vitro Colestid binds a number of drugs. /n vivo studies 

: disclosed significant effects on drug availability for 
‘L-thyroxin and aspirin, and possibly for warfarin and 
nicotinic acid. Decreased serum tetracycline levels were 
observed in a Clinical study. 
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Lowers plasma cholesterol 
through a nonsystemic action 


adjunctive to diet a 


In preliminary studies, drug availability did not appear to *s 


be significantly altered for phenobarbital, cortisone acetate, 
chlorpromazine, sulfadiazine, clofibrate, and hydrochloro- 
thiazide. Particular caution should be observed with digitalis 
preparations, since there are conflicting results for the effect 
of Colestid on the availability of digoxin and digitoxin. Dis- 
continuing Colestid could pose a hazard to health if a 
potentially toxic drug that is significantly bound to the resin 
has been titrated to a maintenance level while the patient 
was taking Colestid. 

ADVERSE REACTIONS 

1. Gastrointestinal The most common adverse reactions 
are gastrointestinal. Constipation, one patient in 10, is the 
major single complaint and at times is severe and oc- 
casionally accompanied by fecal impaction. Hemorrhoids 
may be aggravated. Some patients require decreased 
dosage or discontinuation of therapy. About one in 30 to 
one in 100 patients reported abdominal discomfort 
(abdominal pain and distention), belching, flatulence, 
nausea, vomiting, and diarrhea. Peptic ulceration, gastro- 
intestinal irritation and bleeding, cholecystitis, and 
cholelithiasis have been reported by fewer than one in 500 
patients and are not necessarily drug related. 

2. Hypersensitivity Urticaria and dermatitis were noted in 
fewer than one in 1,000 patients. Asthma and wheezing were 
not reported in the Colestid studies but have been noted 
during treatment with other cholesterol-lowering agents. 

3. Musculoskeletal Muscle and joint pains and arthritis 
have had a reported incidence of less than one in 1,000 
patients. 

4. Neurologic Headache and dizziness were noted in about 
one in 300 patients; anxiety, vertigo, and drowsiness were 
reported in fewer than one in 1,000. 

5. Miscellaneous Anorexia, fatigue, weakness, and short- 
ness of breath have been seen in 1 to 3 patients in 1,000. 
Transient and modest elevations of serum glutamic 
oxaloacetic transaminase and of alkaline phosphatase 
were observed in various patients treated with Colestid. 
Some patients had increased serum phosphorus and 
chloride with decreased sodium and potassium. 
OVERDOSE Overdosage of Colestid (colestipol hydro- 
chloride) has not been reported. Should overdosage occur, 
however, the chief potential harm would be 
obstruction of the gastrointestinal tract. 
HOW SUPPLIED Colestid (colestipol 
hydrochloride) is available in cartons 

of 30 packets and in bottles É 
containing 500 grams of drug. 
Each packet or each level scoop 
supplies 5 grams of Colestid. 

Caution: Federal law prohibits 
dispensing without 
prescription. 

For additional information, 
see your Upjohn represent- 
ative or consult package 
circular. 
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The Upjohn Company, Kalamazoo, Michigan 49001, U.S.A. 
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The Varian V3000 
Phased Array Ultrasonograph 


Leadership In The 
| New Cardiac Imaging 


varian 


Medical Group, Varian Associates 





Medical technology does not stand still, 
especially when it meshes with the rapidly 
growing field of information processing. At 
Clinical Data we have developed a much 
improved method of long-term ambulatory 
ECG recording and reporting, using the 
best that computers and recorder engineer- 
ing have to offer. It's called the Clinical 
Data LCG. 

The beginning of our LCG Report presents 
abnormal or representative sequences in 
standard ECG format. (Not so standard are 
the automatically-printed time-of-day and 
patient activity notations above the tracings.) 

What follows is something no human 
could feasibly do manually in the time avail- 
able: A summary graphic presentation of 
mean heart rates over the entire 24-hour 
period — minute-by-minute and hour-by- 
hour. Ata glance you can see the patient 
heart rate profile. And you can be confident 
of its reliability, because the original heart 
rate data is verified by the examiner before 
the graphic profile is generated. 

The LCG Report continues with computer- 
detected and examiner-validated hourly 
graphic summaries of ectopic activity clas- 
sified by morphology. Here the computer and 
examiner work together to assure reliability. 
No other system provides this capability. 

And service is important, of course. Ours 
begins with the recorder: It is designed by 
us, maintained by us, updated by us —all 
as a part of our service. We examine record- 
ings day and night, seven days a week. Your 
recording is examined the day it arrives. 
Your report is checked by our supervising 
RN. In many cities your report is in your 
hands within 24 hours after we pick up the 
recording at your facility. 

We know you have more questions, 
and we will gladly provide the answers. 
Included with them will be a sample LCG 
Report showing exactly what we've been 
talking about in this ad. 

Clinical Data, Inc., 1371 Beacon Street, 
Brookline, Mass. 02146. Telephone toll free 
1-800-225-9180. 


Clinical Data, Inc. 


Accurate Data, Clearly Reported 
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HEART RATE ~- BEATS PER MINUTI 


5 COMPLETE,COMPACT 
CARDIAC OUTPUT 
DYE DILUTION 
SYSTEM. 


Model DCR-702A 


Whether you use it co) cath lab diagnost ocedures or 
for bedside trend determinations, you'll find the 
702A a valuable, complete system for obtaining 
cardiac output. The DCR-702A combines 
all of the following features in one ULlisted 
instrumentation package 
Single push button balancing densitometer 
with two photocell system for maximum accuracy 
in all laboratory situations. 
Electronically calibrated computer with digital readout 
in liters per minute 
Innovative transducer design with light-emitting 
diodes—the heart of a unique optical measuring system. 
„œ A quick-change, leak-proof blood channel 
simplifies cuvette maintenance. 
Non-invasive earpiece that can be worn by 
infants or adults for qualitative recording of dye curves. 
Hot stylus recorder with a 100mm-wide chart 
for simplified dye curve analysis. 


But the DCR-702A is only part of our complete line 
of cardiac output instrumentation. 
Write or call for complete information packet. 


And remember, we're known as “The Versatile Ones” 
because we manufacture instrumentation for all 
three methods of obtaining cardiac output thermal, fick, 
and dye —as well as a combination of dye and thermal. 
Demonstrations are available upon request. 


Enhancing Life through 
Quality Instrumentaton. 
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WATERS INSTRUMENTS, INC. 
°? P.O. Box 6117 
+ Rochester, Minnesota 55901 


How to Keep Up 
with the Most 
Recent Advances 
in Your Specialty 


in the Comfort of Your Home or Office 


208 PAGES 
74 ILLUS, 
KIVAR COVER 


This new book is designed for the busy physician who finds it difficult 
to keep up with the growing literature in his profession. Up until now 
the only way this could be done was to attend such conferences as the 
highly acclaimed Update Your Medicine sponsored by New York 
Hospital, Cornell Medical Center. These programs were developed to 
prepare doctors for Recertification despite heavy work loads. 


AMA Physician's 
Recognition Award 


CORNELL MEDICAL UP- 
DATE | has been ap- 
proved for Category 1 
credit towards the AMA's 
Physician's Recognition 
Award for Continuing Med- 
ical Education. Full detalls 
on how to apply for credit 
Is Included with every 
copy. 


Read It for 30 daye—FREE 
Use It to check any prob- 
lems which come up in your 
practice throughout a full 
month. Then keep the book 
only if you want it for perma- 
nent reference. Otherwise 
simply return it and owe 
nothing. You have nothing to 
lose and a whole world of 
valuable life-saving knowl- 
edge to gain. Order right 


The 16 Lectures are Presented in Compact 
Workbook Style for Quick Reading and 
Easy Comprehension: 


1. Update Your Endocrinology |: 
Thyroid & Gonad 
2. Update Your Endocrinology II: 
Hypothalamus and Anterior Pituitary 
3. Update Your Cardiology 
4. Update Your Gastroenterology: 
Chronic Active Hepatitis 
5, Update Your Gastroenterology: 
GI Hormones 
6. Nephrology: Renal Physiology and 
Diuretic Therapy 
7. Recent Advances in Cancer 
Chemotherapy 
8. Compendium of Antineoplastic Agents 
9. Update Your Immunology: 
Hypersensitivity States 


10. Update Your Immunology: 


Immunopharmacology of Asthma 


11, Advances in Neurology 
12. Update Your Radiology: Angiography of 


the GI Tract in Management of Acute 
Arterial Bleeding 


13. Update Your Radiology: Sonography of 


the Abdomen 


14. Recent Advances in Diabetes Mellitus 


and Hypoglycemia 





now! : 15. Evaluation of the Program by the Reader 
+ 16. Evaluation of the Reader—for the AMA 
Physician's Recognition Award Credits 
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Yorke Medical Books 
666 Fifth Ave., New York, NY 10019 
YES! Please send me a copy of CORNELL MEDICAL UPDATE 
| at $32.00. | may use the book for 30 days and if not com- 
pletely satisfied, return it for full credit or refund. 


CJ Payment enclosed, publisher pays shipping cost 


AJC-12/77 











O Bill me, plus cost of shipping e 
Name. T 
Address. 

City. State Zip. 


New York State residents add applicable sales tax 








Plan to Attend 


The 27th Annual Scientific Session 


of the 
American College of Cardiology a 
March 6-9, 1978 Anaheim, Calif. 
* Controversies in Cardiology %* An Evening in Disneyland 
* Core Curriculum * Young Investigator’s Award Competition 
* Reports of Original Investigation * Fireside Conferences 
* Luncheon Panels * Ninth Annual Louis F. Bishop Lectureship 
tk Meet the Experts Sessions * Self Assessment Room 4 
%* Convocation with Noted Speaker Followed by * More than 500 Technical and Scientific j 
Dinner Dance Exhibits 





by consider specific action 
- Aldactone 


‘the only diuretic: 


(spironolactone) 









with specific 
aldosterone- 
blocking action 


m helps avoid problems 
stemming from secondary 
(rebound) aldosteronism 


m maintains effectiveness = effective in both prevention 


over the long term* and treatment of hypokalemia, 
thus making potassium 
supplements unnecessary’ 
ai ep te ex Waning aa TNA mavoids extra expense/ H 
Poor aero Pn 2 usually costs considerably f 
finacated orne earen ateate win nectar less than other diuretics 
inadequaleormeppropiata i sas oiTa - plus potassium supplements 
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' Aldactone 


- (Soronolactone) 25-mg. tablets 


WARNING 

Spironolactone has been shown to be a tumorigen in chronic toxicity 
studies in rats (see Warnings). Aldactone should be used only in those con- 
reveled a under /ndications. Unnecessary use of this drug should 
e avoided. 












Indications: Diagnosis and treatment of primary hyperaldosteronism. Essen- 
tial hypertension, edema of congestive heart failure and the nephrotic syn- 
drome, when other measures are considered inappropriate. Cirrhosis of the 
liver accompanied by edema and/or ascites. Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment 
of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium 
supplements should not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies 
in rats. In one study using 25, 75 and 250 times the usual daily human dose 
(2 mg./kg.) there was a statistically significant dose-related increase in benign 
adenomas of the thyroid and testes. In female rats there was a statistically sig- 
nificant increase in malignant mammary tumors at the mid-dose only. In male 
rats there was a dose-related increase in proliferative changes in the liver. At the 
highest dosage level (500 mg./kg.) the range of effects included hepatocy- 
tomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
Statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances 
of fluid and electrolyte balance. Hyperkalemia may occur in patients with 
impaired renal function or excessive potassium intake and can cause cardiac 
irregularities which may be fatal. Hyponatremia may be caused or aggravated, 
especially when Aldactone is administered in combination with other diuretics. 
Transient elevation of BUN and/or mild acidosis may occur. Aldactone poten- 
tiates the effect of other diuretics or antihypertensive agents, particularly 
ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may 
develop and in rare instances some breast enlargement may persist. Vascular 
responsiveness to norepinephrine may be reduced. 

Spironolactone may cross the placental barrier. Use in pregnant women 
requires that the anticipated benefit be weighed against possible hazard to the 
fetus. Breast feeding should be discontinued when Aldactone is being used 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointes- 
tinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental 
confusion, drug fever, ataxia, inability to achieve or maintain erection, irregular 
menses or amenorrhea, postmenopausal bleeding, hirsutism and deepening of 
the voice. Carcinoma of the breast has been reported but a cause-and-effect 
relationship has not been established. Adverse reactions are usually reversible 
upon discontinuation of the drug 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks 
(long test), or for four days (short test). For preparation for surgery or for long- 
term maintenance therapy, 100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but 
may range from 25 to 200 mg. daily. If after five days an adequate diuretic 
response has not occurred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone should remain unchanged 
when other diuretic therapy is added. 

For edema in children: Initial daily dosage should provide approximately 1.5 
mg. per pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in 
divided doses, alone or with diuretics which act more proximally in the renal 
tubule, or with other antihypertensive agents. Continue treatment for at least 
two weeks since maximal response may not occur before this time. Adjust 
subsequent dosage according to patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. 
SEARLE San Juan Puerto Rico 00936 


Address medical inquiries to 

G.D. Searle & Co 

Medical Communications Department 
Box 5110 Chicago, Illinois 60680 





qeart- and circulation 
diagnostics... 


MULTISCRIPTOR EK 33 

@ 3-chan. electrocardiograph 

@ new dimensions in multi 
channel electrocardiography 

@ compact, light-weight design, 
truly portable, even with power 
supply and charger incorporated 
only 8.1 kg 

@ latest electronic circuitry 

@ line and/or battery operation 
@ high quality direct recording 
on thermoreactive chart, 

40 mm/channel 

@ in compliance with inter- 
national safety recommenda 
tions è floating input 


MULTISCRIPTOR EK 22 
6-channel electrocardiograph 
features 36 program com 
binations selectable via 2 
combination switches. All 
standard lead configurations 
including Frank. Phonocardio 
graphy in 4 frequency ranges 
Pulse recording. Experimental 
inputs. 12 paper speeds: maxi 
mum 250 mm/s 


SIMPLISCRIPTOR EK31— 
compact, easy-to-operate single- 
channel electrocardiograph for 
line and battery operation. Built, 
in power supply and charger. 
40-mm writing width on thermo- 
reactive recording chart. High 
interference protection. Baseline 
stabilization on occurrence of 
artefacts. Optional floating input 
and/or automatic lead marking. 
All standard leads can be record- 
ed with the conventional or the 
Cabrera system. The instrument 
is in protection class II for high 
patient safety. 


HELLIGE 


PARTNERS IN MEDICINE 


HELLIGE GMBH 
Heinrich-von-Stephan-StraBe 4 
D-78 Freiburg im Breisgau 
Telefon (07 61) 40111 

Telex 07 72705 


State-of-the-art equipment on the intemational medical market: 

HELLIGE means precision and reliability. Behind each piece of equipment 
stands our worldwide sales-service organization. Detailed brochures and 
our catalog, „Biomedical Technology” are waiting for you. 


A Representative Litton Medical Electroni 


IH 60007 
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FOURT) 


. . a comprehensive, effe 


THE HEART begins with the 
basic information—anatomy, 
physiology, basic diagnostic 
procedures, and pathophysiology 
of the important clinical problems 
in cardiology, then develops these 
basic concepts into disease-related 
areas. Each section includes 
relevant background information; 
the contribution of the clinical 
history, physical examination, and 
laboratory data; other diagnostic 
considerations and their 
appropriate management; and the 
clinical course, including specific 
complications and their 
management. Any duplication of 
information that results is 
intentional; the authors have 
carefully planned to save you time 
by making it unnecessary to refer 
to more than one section of the 
book. 


The Fourth Edition . . 


@ Reflects all the major 
developments in cardiology during 
the last four years as well as the 
authors’ own observations during 
their daily interaction with 
patients. Every chapter has been 
updated and eight new chapters 
have been added to include 
extensive discussions of these 
critical issues: recognition and 
management of coronary 
atherosclerotic heart disease, 
echocardiography, hemodynamic 
monitoring, atrial pacing, His 
bundle recordings, and vasodilator 
therapy for heart failure. 


@ Pays tribute to the past, 
present, and future pioneers in 
cardiology as depicted in Diego 
Rivera’s commemorative murals 
housed in El Instituto Nacional 
de Cardiologia in Mexico City. 
Two of these murals are 
reproduced on the inside front 
and back cover of this edition. 
Appropriate medical quotations 
from these outstanding physicians 
and scientists introduce many 
chapters and sections. 


THE HEAR 


Fourth Edition 
Your medical libr, 
complete without 


Available January 1' 
approximately 1,85¢ 
One Volume (03147 
Two Volume Boxed ! 
$52.00 
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to accompany TE 
Fourth Edition 
@ S00 multiple chc 
questions with a 
and explanation: 
referenced to the 
by J. Willis Hurst, | 
and John W. Hurst 
Ft. McPherson 
Medical Center, Ge 


Available February 
approximately 200 } 
(031475-6), $12.00 
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J. Willis Hurst, M.D. 

Professor of Medicine (Cardiology) 
Chairman, Department of Medicine 
Emory University School of Medicine 
Atlanta, Georgia 


EDITORS 


R. Bruce Logue, M.D. 

Professor of Medicine (Cardiology) 
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Emory University Clinic 
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Robert C. Schlant, M.D. 
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Emory University School of Medicine 
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SPECIAL 
COMMEMORATIVE 


McGraw-Hill Book Company 


1221 Avenue of the Americas iy Ny 
New York, N.Y. 10020 Ore 
Att: B. Barrett, College 27 Hi 


FREE TEN DAY TRIAL! 


EDITION 





To celebrate the significant advances in 
cardiology in the 400 years since William 
Harvey’s birth, McGraw-Hill is preparing a 
rare commemorative edition of THE HEART. 
This special edition consists of a two-volume, 
boxed set and a full-color book of Diego é 
Rivera’s outstanding murals on display in El | paymon! ne = ve i. a rer plus 
Instituto Nacional de Cardiologia in Mexico a we ae ace me a are 
City. These panoramic murals portray | ook(s) I have decided to keep. 





Please send me the book(s) checked below 
for examination. Within 10 days I will remit 


scientists and physicians who have made major Hurst et al: THE HEART, 4/e 
contributions to cardiology. Without their J (031472-1) 1-volume ........... $45.00 
dedication, the new and dramatic concepts _] (031473-X) 2-volume .......... 52.00 
presented in THE HEART would not be C (031474-8) Special Commemorative 


possible. Editon a tt ee AE 95.00 


Reserve your special commemorative edition 
‘ SELF-ASSESSMENT REVIEW to 
now. Only one thousand commemorative accompany THE HEART 


copies will be printed, and we want to make 

















sure you have an opportunity to receive one. LJ (031475-6) «0 eee eee 12.00 

Commemorative editions make an 

exceptionally distinctive gift for a friend, Name 

colleague, medical school, or special library. ` 

McGraw-Hill will send a card to the recipient Address ; 

in your name, announcing the future arrival A ‘ 

of this very special gift. City ______State ____Zip __ 
* (031474-8), $95.00 Prices subject to change Rev68Hurst 
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cardiac 
rements. 


ee 


Introducing the new standard in cardiac output measurement. 
With the computer, training and support to help you get 
accurate numbers, every time. 


Now there’s the Becton 
Dickinson Cardiac Output 
Computer — with the 
patented autotimer 

‘method of computing out- 
put by the thermal dilu- 
tion technique. It gives 
lyou measurements that 
are reliable, rapid and re- 
peatable. 

It’s portable, simple to 
operate, uses iced or room 
temperature injectate, 
and is designed to insure 
maximum patient safety. 

But there’s more to car- 
diac output measurement 
than the computer. And 
no one offers more ways to 
support you. 

7 and 5 French Cathe- 
ters — manufactured and 

sterilized to Becton 
Dickinson’s strict quality 
control standards. 
| Automatic Injector — for 
uniform, repeatable injec- 
tions. 


Educational Seminar. 

A complete audio/visual 
program for your staff on 
the theory, computation, 
and proper technique of 
cardiac output by thermal 
dilution. 

Technical Specialists. 
Our Cardiac Output Tech- 
nical Specialists have ex- 
tensive cardiac cath lab 
experience, and will assist 
you with in-service train- 
ing, answer your ques- 
tions on computers, or dis- 
cuss any other aspect of 
cardiac output measure- 
ment. 

Index Calculator. We’ll 
also give you a thermal di- 
lution cardiac output cal- 
culator to help you com- 


pute your patient’s cardiac 
index, stroke volume and 
other parameters. 

Free Evaluation. And to 
show you exactly why our 
cardiac computer gives 
you more accurate, re- 
peatable numbers, we'll 
place a unit in your hospi- 
tal for your own thorough 
evaluation. 

To get complete details 
on the new standard in 
cardiac output measure- 
ment, call toll free (800) 
225-0455. Or write: 


Becton Dickinson 
Medical Systems 
Route 1, 

Sharon, Ma. 02067. 
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-= EXERCISE 
in Cardiovascular 
_ ealth and Disease 


Edited by 

Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 

Jack H. Wilmore, PhD, Professor and Head Dept. & 
of Physical Education & Athletics, Univ. Arizona 

Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 
The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
. AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 
O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 
O Nuclear cardiology 
O Computer analysis of the exercise ECG 
O Stress myocardial scintigraphy 
O Various interpretations of exercise tests in the asymptomatic 
population 
The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to look at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That’s right! You’re invited to look it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 








oe Yorke Medical Books 
i q 666 FIFTH AVE., 
-= NEW YORK, N. y. 10019 


E abó send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
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